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Criterion 1. Introductory Section & Background Information
1A: Summary
The Optical Science and Engineering (OSE) program at the University of New Mexico is an
interdisciplinary program established in 1983, jointly administered by both the Physics and
Astronomy (P&A) and the Electrical and Computer Engineering (ECE) programs. The OSE
program has grown considerably over the past decade to become one of the most successful
interdisciplinary programs at the University, with faculty affiliations and graduating MS and PhD
students rivaling some of the largest departments. Some of the UNM constituents of the program
have been shown in figure 1.

Fig.1: The OSE program has faculty members and students from the ECE, P&A, Chemistry, Chemical
Engineering, Math, CQuIC (Center for Quantum Information and Control) and Nuclear Engineering.

The OSE program has also grown in stature to become one of the country’s preeminent optical
sciences program with alumni in industry, academia and national/federal laboratories. The UNM
OSE program has similar faculty numbers, enrolled student numbers and number of graduates
when compared to the top optical science programs. The OSE program has also developed a very
unique and symbiotic relationship with the national laboratories in the state. The three prominent
laboratories are – the Sandia National Labs (SNL), Los Alamos National Labs (LANL) and the
Air Force Research Laboratory (AFRL). OSE has very strong collaborative ties with all of these
labs and in recent years the labs have focused on the program for recruitment efforts particularly
in the areas of directed energy and nanophotonics. OSE faculty and students have also established
multiple programs with the Center for Integrated Nanotechnology (CINT) – a SNL/LANL joint
user facility for photonics and semiconductor device fabrication.
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The credit to the successful operation of this program belongs to the numerous faculty from the
departments mentioned above who are affiliated with the program. OSE has been on the cutting
edge of research through the aggressive recruitment of faculty by its affiliated departments. The
current list of OSE research expertise spans laser research, laser cooling in solids, optoelectronics,
biomedical optics, crystallography, ultrafast lasers and phenomena, radiation effects, and
nanophononics, to name a few. A more detailed list of the research areas covered by OSE and its
faculty members is provided below.

The ultimate metric to measure the success of any graduate program, however, lies in the success
of its students. Since 1985, OSE has awarded a total of 255 PhD and MS degrees. The current
student enrollment is 65 with an average of 7 PhDs and 14 MS degrees awarded per year. The
program also has strong admission standards and is able to recruit some of the best optics talent
internationally. The program has been admitting ~13 graduate students per year. The top recruits
are provided with Graduate and Teaching Assistantships. A strong effort is made to fund every
admitted graduate student, with a priority given to PhDs.
A key concern in the prior APR was a lack of funds for the program and this issue has been
addressed through the inclusion of differential tuition funds. These funds are in addition to the
operation budget for the program that is jointly supported by the Dean of Arts and Science, the
Dean of the School of Engineering and the Dean of Graduate Studies. In the past two years, the
program has seen ~ 60K USD per year in differential tuition. This has allowed the program to
implement a robust recruitment effort which involves an on-site visit with prospective students.
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This targeted effort has resulted in the recruitment of more students and in particular the
recruitment of underrepresented minority students.
Another prominent development in the past few years has been the realization of a physical
location for the OSE program at the Physics, Astronomy and Interdisciplinary Science building
(PAIS). The building, which is nearly 140,000 square-feet, is designed to include a highperformance section that meets very high standards for vibration and electromagnetic interference
(EMI) ideal for optical science research. The building also boasts classroom space, meetings
rooms, offices and, research labs. The acquisition of this space will allow OSE to boost, student
and faculty recruitment and provides a central location on main campus for the program. In
addition to the PAIS building, OSE also has a very strong physical footprint at the Center for High
Technology Materials (CHTM).

Fig.2: The OSE program is now located in the state-of-the-art Physics, Astronomy and Interdisciplinary
Science Building (PAIS).

Since the previous Academic Program Review was done over a decade ago, the OSE program at
UNM has shown robust grown across all metrics and is poised to expand in the coming decade.
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There are, however, some organizational constrains that need to be addressed to sustain the success
of this program.
Rebranding the OSE program: The chairs of the program (both past and current) have been
pushing to get the program recognized as an institute. A new title “Institute for Photonics and
Quantum Technologies” (IPaQT) has been adopted by the OSE faculty. While OSE is
predominantly an educational program, the “institute” moniker allows for wider recognition of the
program’s contributions to optics research. The growth of OSE to date has been a “grass-roots”
movement by the optics faculty at UNM. While this has been a successful effort, it is believed that
for the program to reach the next-level and be nationally relevant, a more top-down effort with
engagement from the Provost’s office and subsequently from the Deans’ offices is needed. A lack
of such a top-down support will lead to the program being stuck at departmental levels and being
starved of resources needed for strategic expansion.
GA/TA lines: With a robust recruitment effort in place, the program is in line to recruit around 15
– 20 students per year. However, once the students are recruited, there is a need to provide them
with funds through graduate and teaching assistantships. Some students have been able to secure
research assistantships (RAs) directly with the faculty, but a majority require a TA or a GA. In the
past an agreement was reached with the SOE and the ECE department to provide two departmental
GAs and the P&A department would provide four TA positions. The ECE GA positions have
become an issue due to of budgetary constraints at the department. Thus, a newer model for
funding TAs and GAs has to be determined, possibly with GA lines coming from a School level.
1B: History
Established in 1983, the Optics Program at the University of New Mexico (UNM) is one of the
oldest and most successful science and engineering interdisciplinary programs worldwide, with a
strong international reputation both in education and research. Today, the Optical Science and
Engineering (OSE) program is affiliated with separate departments in multiple schools/colleges,
including Physics & Astronomy, Electrical & Computer Engineering, Chemistry, Chemical and
Biological Engineering, and Applied Mathematics, which means students are naturally exposed to
multiple disciplines. In 1996 the Optics Program became a member of the Western Interstate
Commission for Higher Education (WICHE). There are numerous collaborations with the three
National Laboratories in New Mexico - Sandia, Los Alamos, and the Air Force Research
Laboratory - and with members of the optics industry cluster (New Mexico Optics Industry
Association – NMOIA).
1C: Organizational Structure
The program is administered by an OSE Graduate Committee (OSEGC) comprised of three OSE
faculty members each from P&A and ECE. The committee is led by a General Chair and a CoChair from the two departments who work closely with each other and are assisted by a Program
Advisor in initiating, shepherding, and delegating curriculum review, academic requirements, and
other programmatic matters. Currently, most of the oversight and resources for the program come
from the OSEGC and the program’s tuition differential revenues. The OSE program has formed
an Executive Committee consisting of the VP for Research, the Deans of the College of Arts and
Page | 6

Science (A&S) and the School of Engineering (SoE), the Chairs of the ECE and P&A departments,
the General Chair and Co-Chair of the OSE program, and the Dean of the Office of Graduate
Studies (OGS). The program’s operational costs are funded by the three deans in OGS, SOE and
A&S.

Fig.3: The OSE program organization chart.

Executive Committee to the OSE program:
Members: VP for Research, Director of CHTM, Chair of ECE, Chair of Physics, Dean of Graduate
Studies, Dean of the College of Arts and Sciences, and Dean of Engineering. (this constituency
was voted on by the OSE Graduate Committee and has unanimous support). The Dean of Graduate
Studies acts as the chairperson of the committee and act as the point of contact for the General
Chair and Co-Chair of OSE during the year. The OSE Executive Committee would meet at least
twice per year to receive an annual report presentation and by the General Chair and Co-Chair of
OSE and to address issues for the program. At these meetings, the OSE Executive Committee
would review and approve major changes to the program, evaluate performance of the program,
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ratify the OSE budget annually, give OSE program feedback on its priorities for the upcoming
year.
The Chair of the OSE Executive Committee or Dean of Graduate Studies would assist the General
Chair in identifying resources (financial and personnel) for student support, marketing of the
program, and staff recruitment. The Chair would also assist in representing the interests of the
OSE program for such major issues as curriculum changes and major program initiatives.
1D: Accreditation
Not applicable.
1E: Previous APR
The previous APR process for the OSE program was done in 2010. The review team provided the
following findings: (note: a full report can be found in the appendix)
1. Identify a funding source for the program.
This concern has been addressed to a certain extent by the introduction of the differential tuition
which has provided the program with ~ 60K per annum in additional funds to support student
activity. This is not a guaranteed recurring funding source.
2. We recommend that the administration work with colleges to reserve faculty lines for future
OSE hires (similar to prior hires for CHTM).
While we have not been able to get faculty lines for OSE, through close coordination with ECE,
P&A and CHTM, OSE faculty have served on several search committees and have been able to
promote OSE hiring needs.
3. Since the OSE programs currently have no female members a diversity position could be a
priority.
An effort has been made to correct this imbalance and female members have been recruited and
added to the OSE faculty ranks.
4. Give the OSE classes their own designation and cross-list them to present a more unified
outside image. The increased visibility would result in an increased quality of students and
easier recruitment (of both students and faculty).
This has been completed and should be in place in the coming year.
5. Increased interaction with Sandia, ARL, Los Alamos and local industry might also follow if
properly marketed. Assigning a faculty member as the liaison would help this move forward.
This would require time and therefore release time.
Prof. Edl Schamiloglu, the Associate Dean for Research at the school of engineering and an OSE
faculty, is the Special Assistant to the Provost for Laboratory Relations. In this capacity, he has
provided an interface between OSE faculty and the national labs.
6. Create an external advisory board for OSE.
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This has been implemented.
1F: Vision & Mission
The following vision and mission statements capture the essence of the program:
Vision statement – to provide a top-flight graduate program of education and
research in optics and photonics
Mission statement – to achieve the above vision, the UNM optical science and
engineering program will strive to maintain and enhance its quality and impact by
• engaging faculty actively involved in optics education and research in the
departments of Physics and Astronomy (P&A) and Electrical and Computer
Engineering (ECE),
• recruiting the best prepared students nationally and internationally,
• producing a highly educated pool of potential employees for local and national
optics industries, laboratories, and academia,
• creating leaders and entrepreneurs in the fields of optics and photonics, and
• serving as the pre-eminent model for a successful interdisciplinary program at
UNM.
By building on its past successes and a relentless pursuit of the above goals, OSE
aims to achieve high visibility and distinction among similar programs in optics
and photonics worldwide.
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Criterion 2. Teaching & Learning: Curriculum
2A: Curricula
The OSE program offers two graduate degrees:
•
•

OSE-Ms Degree
OSE-PhD Degree

Each of these programs have different requirements that we describe below:
Requirements for the OSE-MS Degree
The MS degree program is designed with two distinct objectives, namely, to prepare a student for
the industrial workforce engaged in any area of optics and photonics and to prepare a student to
meet the challenges of a more advanced research career in these areas. The program offers three
different concentrations:
•
•
•

Optical Science
Photonics
Imaging Science

and four alternate plans under which a student can begin to fulfill his or her career goals within a
highly flexible curriculum. Plans 1 and 2b are designed to launch the student on an industrial R&D
career path. In particular, through its internship credits, Plan 2b allows for private companies,
national/federal laboratories, and their contractors to partner with UNM in OSE areas in mutually
beneficial ways by means of either a first look at potential recruits or a more interactive career
advancement of their current employees. Plan 2a is a course-based option which a student typically
intending to pursue the more advanced PhD degree is likely to avail. In 2018, the program added
the Plan 3, which is a purely coursework-based degree requiring only academic coursework and
not original research. The specific requirements for all of these plans are summarized in the
following table:
Table 2.1: OSE MS Degree plans.

PLAN

Res.
Course Mandatory Optional
Free
Thesis
Seminar/ Internship
(total) Courses Courses Electives (599)
Problems

1 Thesis

30

15

6

3

6

-

-

2A Course

33

15

9

6

-

3 (2 in
optics)

-

2B Internship

33

15

9

6

-

-

3

36

15

12

6

-

3 (2 in
optics)

3 Coursework

Page | 10

•
•
•
•
•

•

12 hours of coursework must be taken at 500 level or higher.
Students in Plan 1 must submit and defend a thesis.
Students in Plan 2A must pass an oral exam.
Students in Plan 2A or 2B can take at most 6 hrs of 400 level courses excluding those that
are cross-listed (ECE and Physics).
Students in Plan 2B should take an internship course (PHYC 559 or ECE 559)
during their internship (industry or national labs). They are expected to describe their
internship work by submitting a term paper and presenting a seminar at the end of this
course. An evaluation form (Form 2) should be submitted by the instructor.
Students in Plan 3 must take an additional option B course. There is no exit examination
within this degree.

All of the students, regardless of the concentration chosen, have to take the following common
courses:
•
•
•

Advanced Optics I (PHYC 463/ECE 463
Experimental Techniques of Optics (PHYC 476L/477L)
Electrodynamics (PHYC 511/ECE 555, ECE 561 sequence)

The rest of the mandatory courses depend on the concentration chosen by the student. Specifically:
Optical Science Concentration
•
•

Advanced Optics II (PHYC 554 or ECE 554)
Laser Physics I (PHYC 464 or ECE 464)

Photonics Concentration
•
•

Semiconductor Optical Materials and Devices (ECE 570)
Semiconductor Physics (ECE 471/ECE 572 sequence)

Imaging Science Concentration
•
•

Probability Theory and Stochastic Processes (ECE 541)
Digital Image Processing (ECE 533)

Optional Courses
•
•
•
•
•
•
•
•
•

Quantum Mechanics I (PHYC 521)
Quantum Mechanics II (PHYC 522)
Electrodynamics (PHYC 511)
Microelectronics Processing Lab (ECE 574L)
Nonlinear Optics (PHYC 568/ ECE 568)
Optics I (PHYC 463)
Advanced Optics II (PHYC 554 or ECE 554)
Condensed Matter I (PHYC 529) or Physics of Semiconductors (ECE 572)
Topics in Modern Optics (PHYC 569) or Special Topics (ECE 595)
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Laser Physics I (PHYC 464 or PHYC 564)
Experimental Techniques of Optics (PHYC 476L/ 477L)
Pattern Recognition (ECE 517)
Probability Theory and Stochastic Processes (ECE 541)
Digital Image Processing (ECE 533)
Digital Signal Processing (ECE 539)
Information Theory and Coding (ECE 549)
Theory of Linear Systems (ECE 500)
Introduction to Electro-Optics and Opto-Electronics (ECE 475)
Computer Vision (ECE 516)
Microwave Photonics (ECE 595)
Semiconductor Materials and Optical Devices (ECE 570)
Neural Networks (ECE 547)
Colloidal Nanocrystals for Biomedical Applications (ECE 581)
Medical Imaging (ECE 510)
Advanced Image Synthesis (ECE 512)
fMRI Methods (ECE 511)
Optimization Theory (ECE 506)
Computational Methods for Electromagnetics (ECE 563)
Signal Detection and Estimation (ECE 642)
Laser Physics II (PHYC 564)
Semiconductor Lasers and LEDs (ECE 577)
Quantum Optics I (PHYC 566)
Quantum Optics II (PHYC 581)
Atomic and Molecular Structure (PHYC 531)
Methods in Theoretical Physics I (PHYC 466/ MATH 466)
Foundations of Engineering Electromagnetics (ECE 555)
Spectroscopy (CHEM 566)
Advanced Techniques in Optical Imaging (BIO 547)
Biosensors Fundamentals and Applications (ChNE 495)
Introduction to Optoelectronics (ECE 475)
Guided Wave Optics (ECE 564)
Optical Communication Components (ECE 565)
Synthesis of Nanostructures (ECE 518/ NSMS 518)
Nonlinear Dynamics and Chaos (MATH 412)
Quantum Computation (PHYC 571)
Quantum Information Theory (PHYC 572)

Including part-time students, the OSE MS degree-seeking student currently takes, on average, 3.7
years to complete the degree requirements, depending on the chosen plan. The relatively long time
for the MS reflects the significant number of part-time students in the OSE MS program. A fulltime student can complete the MS degree in typically 2-2.5 years. The course work successfully
completed for the MS degree may be applied toward the requirements of the OSE-PhD degree at
UNM, allowing for improved flexibility in the student’s career options mid-stream.
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Requirements for the OSE-PhD Degree
The PhD degree is the most advanced graduate degree awarded by the OSE program. It takes, on
average, 5.8 years to be completed and is designed to prepare the student for a leadership career
path that combines advanced research in one of many different areas of optics and photonics with
either an academic or industrial appointment. The OSE program currently offers graduate research
opportunities in almost all of the relevant fields of optics and photonics, including: advanced
materials, nonlinear optics, quantum optics, biomedical optics, fiber optics, laser cooling, laser
physics, lithography, nanophotonics, optical imaging, optical sensors, optoelectronics, photonic
integrated circuits, spectroscopy, and ultrafast phenomena. Students in the OSE-PhD degree can
choose between four different concentrations:
•
•
•
•

Optical Science
Photonics
Imaging Science
Quantum Optics

The academic path that the students seeking to complete the OSE-PhD degree must follow consists
of the following steps:
1. A minimum of 52 hours of coursework for credit, including 30 hours in mandatory
courses.
2. 18 dissertation credit hours
3. Qualifying Exam (this is given annually in August)
4. PhD Candidacy exam (also called Dissertation Proposal Defense)
5. Dissertation and defense
In the following, we provide a more detailed description of each of these steps.
Table 2.2: OSE-PhD Degree Coursework
(See next two pages)
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OSE PHD Program Concentrations – Required Coursework
Common Core (12 Credit Hours)
Advanced Optics I (PHYC/ECE 463)
Experimental Techniques of Optics (PHYC 476L/477L)
Electrodynamics (PHYC 511); or Engineering Electromagnetics* (ECE 561)
3 credit hours of seminar, including one Optics seminar
Concentrations (15 Credit Hours)
Optical Science
Advanced Optics II (PHYC
554 or ECE 554)

Photonics
Advanced Optics II
(PHYC 554/ECE 554)

Imaging Science
Advanced Optics II (PHYC
554 or ECE 554)

Optoelectronic
Probability Theory and
Laser Physics I (PHYC/ECE
Semiconductor Materials Stochastic Processes (ECE
464)
and Devices (ECE 570) 541)

Quantum Optics
Laser Physics I (PHYC
464 or ECE 464)
Graduate Quantum
Mechanics I (PHYC
521)

Methods of Theoretical
Physics I (PHYC 466); or
Semiconductor Physics**
Mathematical Methods in
(ECE 572); or
Graduate Quantum
Science and Engineering
Introduction to Solid
Mechanics II (PHYC
Two courses from: Digital
(Math 466); or Foundations of State Physics (PHYC
522)
Image Processing (ECE 533);
Engineering Electromagnetics 430).
Digital signal processing
(ECE 555)
(ECE 539); Theory of Linear
Systems (ECE 500)
Fundamentals of
Graduate Quantum
Semiconductor LEDs and
Mechanics I (PHYC 521); or
Quantum Optics
Lasers (ECE 577); or
Semiconductor Physics**
(PHYC 566)
Laser Physics
(ECE 572).
(ECE/PHYC 464)
One course from: Optical Medical Imaging (ECE 510);
Communication
or IR Detectors (ECE 595);
A 3-credit hour class
Nonlinear Optics (PHYC 568 Components and
or Advanced Topics in Image
chosen from Pool B:
Subsystems (ECE 565) or Processing (ECE 633); or
or ECE 568)
Program Electives
Guided-wave Optics
Advanced Techniques in
(ECE564
Optical Imaging (Bio 547)
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Pool B: Program Electives (3 Credit Hours)
Advanced image synthesis (ECE/CS 512)
Advanced Optics II (ECE/PHYC 554)

Laser Physics I (PHYC/ECE 464)

Advanced Techniques in Optical Imaging (Bio
547)

Laser Physics II (PHYC 564)

Advanced Topics in Modern Optics (PHYC 569)

Mathematical Methods in Science and Engineering( Math
466)

Analysis Methods In Functional Magnetic
Resonance Imaging(ECE 511)

Medical Imaging (ECE 510)

Atomic and Molecular Structure (PHYC 531)

Methods of Theoretical Physics I (PHYC 466 )

Introduction to electro-optics and opto-electronics
Microelectronics Processing Lab (ECE 574L)
(ECE 475)
Biosensors Fundamentals and Applications (
NSMS 538)

Neural networks (ECE 547)

Colloidal nanocrystals for biomedical applications
Nonlinear Dynamics and Chaos (Math 412)
(ECE/BIOM/NSMS 581)
Computational Methods for Electromagnetics
(ECE 563)

Nonlinear Optics (PHYC/ECE 568)

Computer vision (ECE 516)

Optical Communication Components and Subsystems (ECE
565)

Condensed Matter I (PHYC 529)

Optimization theory (ECE 506)

Detection and estimation Theory (ECE 642)

Semiconductor Materials and Devices (ECE 570)

Digital Image Processing (ECE 533)

Pattern Recognition (ECE 517)

Digital signal processing (ECE 539)

Probability Theory and Stochastic Processes (ECE 541)

Electrodynamics (PHYC 511)

Quantum Computation (PHYC 571)

Foundations of Engineering Electromagnetics
(ECE 555)

Quantum Information Theory (PHYC 572)

Fundamentals of Semiconductor LEDs and
Lasers (ECE 577)

Quantum Optics (PHYC 566)

Graduate Quantum Mechanics I (PHYC 521)

Semiconductor Physics (ECE 572)

Graduate Quantum Mechanics II (PHYC 522)

Spectroscopy (Chem 566)

Guided Wave Optics (ECE 564)

Synthesis of Nanostructures (ECE 518 or NSMS 518)

Information theory and coding (ECE 549)

Theory of linear systems (ECE 500)

* Prerequisite: Foundations of Engineering
Electro Magnetics (ECE 555)

** Prerequisite: Materials and Devices II (ECE 471

Depending on the student, the remaining 22 coursework credit hours can be satisfied with a
combination of courses (500 level or above), including problems courses and research hours.

Page | 15

Qualifying Exam
All PhD-seeking students are required to attempt the PhD Written Qualifying Exam after their first
complete academic year in the program. This exam is administered every August, on the Thursday
and Friday before the beginning of the fall semester. It consists of four individual 3-hour exams
organized as follows:
(a) Common Exams:
(i) General Optics exam (Advanced Optics I (PHYC 463 or ECE 463), Experimental Techniques
in Optics (PHYC 477L or PHYC 476L) and general knowledge of optics concepts) and the
(ii) Electromagnetics exam (PHYC 511 or ECE 561). These two exams are common to all OSE
concentrations.
(b) Concentration-specific Exams:
Optical Science: (i) Lasers Physics I, (PHYC 464 or ECE 464) (ii) Advanced Optics (PHYC 463
or ECE 463 and PHYC 554 or ECE 554)
Photonics: (i) Optoelectronic Semiconductor Materials and Device (ECE 570) (ii) Advanced
Optics (PHYC 463 or ECE 463 and PHYC 554 or ECE 554)
Imaging Science: (i) Probability Theory and Stochastic Processes (ii) Advanced Optics (PHYC
463 or ECE 463 and PHYC 554 or ECE 554)
Quantum Optics: (i) Quantum Mechanics (PHYC 521) (ii) Laser Physics I (PHYC 464 or ECE
464)
Exit‐examination requirement for MS Plan 2a: The Ph.D. qualifying examination will satisfy the
exit‐ examination requirement for students enrolled in MS Plan 2a.
Grading out of the qualifying exam: The exam is waived for students who earn nothing less than
a grade of an “A-” and an average GPA of 4.0 or greater on anyone of the four sets of four OSE‐
required core courses.
Passing this exam with a 60% score in each of the above four areas is the second step in the process
of advancement to candidacy. Each student is accorded up to two attempts to pass this exam at the
requisite level, which in the second attempt can be taken in one or more areas individually in which
the student may not have passed it in his or her first attempt. The exam is waived for those students
who have secured an A grade in each of the following OSE core courses: Laser Physics I,
Advanced Optics I and II, and Electrodynamics, while those unable to pass the exam fully in all
areas are asked to leave the PhD program. If, however, some or all of these unsuccessful students
do manage to pass each area exam at the 45% level, then they may substitute this exam for the oral
exam required to be passed under Plan 2A for the MS degree in OSE and thus receive that degree
if they meet all others of its requirements. This provides an important exit point for some OSE
students, who would otherwise have to leave the university without a graduate degree and thus
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with adversely compromised career options. It also attains the important programmatic objective
of reducing the overall drop-out rate from the graduate OSE program.

Dissertation Proposal
A successful dissertation proposal defense, also called the candidacy exam, is the final step in the
advancement of a PhD-seeking student to candidacy. After having passed the PhD written
Qualifying Exam, a student must, by the beginning of their fourth complete academic year,
formulate a research proposal in consultation with a potential Dissertation Advisor, and present
and defend it to a potential Dissertation Committee. This completes the transition of the student
to a PhD research investigation plan, at which the student begins dissertation research under the
active guidance of a Dissertation Advisor.

PhD Dissertation Defense
A student advanced to PhD candidacy must, within a reasonable period of time, create, write, and
defend a body of original research publishable in a peer-reviewed journal in the chosen area of
OSE research. The defense is based on a written dissertation and an oral presentation open to the
public. A Dissertation Committee, of which the student’s dissertation advisor is the chair, performs
a detailed cross-examination of the PhD candidate on every aspect of the candidate’s dissertation
work before recommending it, often with suggestions for either a minor or major revision of the
dissertation, for the PhD degree.
2B: Mode of Delivery Discuss the unit’s mode(s) of delivery for teaching courses.
All of the courses are taught in a face-to-face mode in which the instruction is delivered in person
and students are expected to attend class. A typical 3 credit-hour, face-to-face course will be taught
for three hours per week over the course of a 15-week semester. These three hours are usually
divided into two or three sessions. Some of the courses include a 1 credit-hour problems session
that complements the main course and provides the students with the opportunity to practice the
solution of relevant problems under the supervision of the instructor and a teaching assistant.
The courses involving laboratory instruction are usually taught in single, 3-4 hour sessions per
week in which the students perform independent hands-on experiments designed to develop
laboratory skills.
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Criterion 3. Teaching & Learning: Assessment
The unit should demonstrate that it assesses student learning and uses assessment to make program
improvements. In this section, the unit should reference and provide evidence of the program’s
assessment plan(s) and annual program assessment records/reports. (Differentiate for each
undergraduate and graduate degree/certificate program and concentration offered by the unit.)
3A: Assessment Plans Provide current Assessment Plan for each degree and certificate program
in the unit.
Below is a list of the student learning outcomes (SLOs) that were assessed during this reporting
period for both the MS and the PhD degrees Degree in Optical Science and Engineering. For the
academic year of Fall 2018 - Summer 2019, assessment was performed according to the approved
assessment plan.
Table 3.1: SLOs for MS Degree in Optical Science and Engineering
Broad learning goals
1. Enable students to have a
solid foundation of advanced
knowledge in broad areas of
optical
sciences
and
engineering.

Learning outcomes
1.1 Students are able to formulate and
analyze theoretical and experimental
problems in general optics.

1.2. Students are able to formulate
and analyze problems in one of the
following specialized topics: optical
science, photonics and imaging
science.
2. Help students in developing 2.2. Ability to produce professional
the ability to participate in quality technical reports and oral
research
in
commercial, presentations by students.
government and academic
settings.

Table 3.2: SLOs for PhD in Optical Science and Engineering
Broad learning goals
1. Enable students to have
a solid foundation of
advanced knowledge in
broad areas of optical
sciences & engineering.

Learning outcomes
1.1 Students’ ability to formulate and
analyze theoretical and experimental
problems in optical science and
engineering.
1.2. Students’ ability to formulate and
analyze problems in one of the following
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Broad learning goals

Learning outcomes
specialized topics: optical science,
photonics and imaging science.
1.3. Students’ ability to become experts in
some particular field of optics, photonics
or imaging science.
1.4 Offer professional modeling training
to OSE students in the area of delivering
and effective research talk.

2. Enable students to 2.1. Ability to produce professional
conduct
independent quality written and oral presentations of
research in commercial, research results.
government and academic
settings
2.2. Ability to conduct independent and
original scientific research that meets
international standards.
For the OSE Fall 2018-Summer 2019 outcomes assessment, there was no new developmental work
that was done on the assessment plan that would include new SLOs, creating new measurement
methods or amending the assessment at this time. We have listed some new changes that we plan
to make during future assessments.
3B: Assessment Reports Provide current Assessment Report for each degree and certificate
program in the unit. Expand on any initiatives/changes that have resulted from these reports.
The table below lists the materials collected and used as a data source in the assessment process
reported here.
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Table 3.3: Data Collected for Assessment Process
PhD-degree materials
Core-course grades
Qualifying examination
results
Candidacy Assessment
Form results (Form D)
Dissertation
Internal
Assessment Form results
(Form C)

MS-degree materials
thesis option

non-thesis option
Core-course grades
MS
Qualifying
Examination results
Thesis
Internal Research
Problems
Assessment Form results Course results
(Form C)
MS
Internship
Assessment
Form
results (Form A) [if
applicable]

Assessment General Remarks
In the Fall 2018 through Summer2019 academic period (hereafter referred to as the Assessment
Period), the OSE program graduated 6 PhD and 9 MS students for a total of 15 degrees. The OSE
program maintained an average of at least 4.4 PhD/year over the past decade and 8 MS/year since
the first UNM OSE MS degree was awarded in 2003. Presently there are 35 affiliated faculty
members in the OSE from four departments (ECE, Physics and Astronomy, Chemistry and
Chemical and Biological Engineering), including three newly installed optics affiliated faculty –
Drs. Tara Drake, Victoria Babicheva, and Tito Busani. Each of these new affiliated OSE faculty
members have already began to leave their mark on the program by presenting their research at
the OSE Seminar Series and becoming a research advisors for OSE students.
The number of PhD degrees produced has been fairly steady over the past two decades. Since
Spring Semester 2005, the average lengths of time to complete an OSE MS degree and PhD degree
have been 3.7 and 5.8 years, respectively. The relatively long time for the MS degree reflects the
significant number of part-time students in the OSE MS program, and in part due to the fact that
some of the PhD students obtain a MS degree en route to receiving their PhD degree.
An outcomes assessment report is found in the appendix from a previous year for comparison.

The PhD Degree
Students must complete the required coursework with a grade of B- or better in each course while
maintaining an overall GPA of 3.0 or better through all their courses. Those failing to meet this
requirement are placed on probation, and measures must be put into place in consultation with
their academic advisor to rectify this problem expeditiously. Since the set of required and optional
coursework, while allowing for flexibility, is still reasonably tightly constrained, every student
must negotiate a rigorous set of classes before being allowed to proceed further. Following
immediately after the students have completed their required coursework, the PhD Qualifying
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exam provides for a more comprehensive testing of their course-based knowledge one more time
before they are officially permitted to devise a research plan for their thesis or dissertation. This
approach of requiring a more comprehensive examination of student’s knowledge of core areas
tends to prepare the student very broadly to undertake his or her research program.
As the next step of assessment for a PhD seeking student, the research plan, which a student
develops in consultation with his or her dissertation advisor over the subsequent 18-24 months, is
then subjected to a close scrutiny and approval by an OSE faculty committee headed by the
advisor. A successful proposal defense, or the candidacy examination, is the demonstration of the
student’s ability, promise, and preparation to undertake dissertation research.
The final assessment step in a student’s PhD career is the completion of a publishable body of
comprehensive original research on an OSE topic, its composition in standard written form, and
its successful defense conducted at a publicly advertised location. This is the culmination of the
academic process certifying that all requirements of the most advanced degree have been fulfilled
and that the student has earned the degree.
The MS degree
While as stringent as those for the PhD degree, the assessment criteria for the MS degree under
Plan 1 (thesis option) do not include the dissertation proposal step. This is primarily due to the
shorter time frame over which candidates for a terminal MS degree must receive their degrees
before applying to enter the workforce or proceeding to another institution for PhD work. The
course-based option, namely Plan 2A, requires more extensive coursework than the thesis-based
plan; however, each required class must be passed with the same stringent B- grade or better as for
Plan 1.
The internship-based MS option under Plan 2B is similar to Plan 2A with the critical difference
that the student pursuing this plan must take up an internship of 3-6 months at either an industrial
organization or a government/contractor laboratory. The internship must be arranged well in
advance, but after the required coursework has been completed and with prior consultation and
approval by a committee consisting of OSE faculty and at least one industrial POC, specifically
the immediate supervisor of the internship. Successful completion of the internship requires
specialized, but not necessarily original, OSE-based work of practical interest and impact to the
host organization, as well as a technical report of the involved work. All must meet the rigorous
standards of scholarship set out by the OSE program.
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The PhD qualifying exam is required by all students immediately after the students have completed
their required course work. The exam serves as a comprehensive test of the students’ course-based
knowledge before they are officially permitted to devise a research plan for their thesis or
dissertation. The purpose of such comprehensive examination is to establish the presence of a
minimum knowledge of core subjects that are needed to pursue research in optical sciences and
engineering. The PhD qualifying examination is also used by OSE as an exit exam for the MS
course-work, non-thesis degree, with lower passing requirements than those for the PhD degree.
Grades:
The average GPA of PhD students graduating in this period is 3.83, which shows an increase of
0.02 from the last reporting period.
The average GPA of MS students graduating in this period is 3.87.
The average UNM GPA of the newly admitted OSE students is 3.84, which shows an increase of
.171 from the last reporting period.
Qualifying Exam:
Exam Rules: All full-time PhD-degree seeking students are required to pass the PhD written
qualifying exam with no more than two attempts at each tested area within their concentration
before the beginning of their third academic year in the program. This exam is administered every
August. Some exams that are administered by the Electrical and Computer Engineering department
are offered in January as well as in August.
(a) Common Exams:
(i) General Optics exam (Advanced Optics I (PHYC 463 or ECE 463), Experimental Techniques
in Optics (PHYC 477L or PHYC 476L) and general knowledge of optics concepts) and (ii) the
Electromagnetics exam (PHYC 511 or ECE 561). These two exams are common to all OSE
concentrations.
(b) Concentration-specific Exams:
Optical Science: (i) Lasers Physics I, (PHYC 464 or ECE 464) (ii) Advanced Optics (PHYC 463
or ECE 463 and PHYC 554 or ECE 554)
Photonics: (i) Optoelectronic Semiconductor Materials and Device (ECE 570) (ii) Advanced
Optics (PHYC 463 or ECE 463 and PHYC 554 or ECE 554)
Imaging Science: (i) Probability Theory and Stochastic Processes (ii) Advanced Optics (PHYC
463 or ECE 463 and PHYC 554 or ECE 554)
Quantum Optics: (i) Quantum Mechanics (PHYC 521) (ii) Laser Physics I (PHYC 464 or ECE
464)
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Passing the qualifying exam at the PhD level requires a score of 60% or better in each of the above
areas, it being the second step in the process of advancing to candidacy after completing the corecourse requirements. Each full-time student is allowed up to two years to pass this exam, with no
more than two attempts in each subject exam. The exam is waived for those students who have
secured an average GPA of 4.0 or greater on their OSE core courses (defined more precisely in the
posted exam rules on OSE's website).
If a student is unsuccessful at passing the exam at the PhD level of 60% but passes each subject
exam at the 45% level or better, then they may substitute this exam for the oral exam required by
Plan 2A (coursework, non-thesis MS degree option) for the MS degree in OSE. This provides an
important exit point for some OSE students, who would otherwise have to leave the university
without a graduate degree and thus with adversely compromised career options. At the same time,
this exit option also helps us attain the important programmatic objective of reducing the overall
dropout rate from the graduate OSE program. If a student is successful in passing at the PhD level,
then they can still obtain a Plan 2A MS degree in OSE and its concentrations en route to the PhD.
In addition to adding to the success and visibility of the OSE program in producing graduate
degrees, the en-route MS degree also serves as a boost to students' morale as they endure the
challenging road to receiving the PhD degree. It is also a common feature of most graduate
programs across the country.
Candidacy exam:
Rules: The third requirement of the PhD program is the passage of the candidacy examination,
which is in actuality a dissertation-proposal defense. A successful candidacy examination requires
demonstration of the student’s ability, promise and preparation to undertake dissertation research.
Data: During the Assessment Period, there were six OSE students who took their candidacy exams
and passed it. Below are the average of students’ scores and the overall average of the OSE
candidacy exam. These scores were obtained from the PhD Candidacy Assessment Form (Form
D):
Scores of the candidacy exam
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
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Definition of problem:
Analysis of previous work:
Student’s knowledge:
Research plan:
Presentation:
Answer to questions:
Available resources:
Overall:

4.2
4.3
4.2
4.0
4.2
4.3
4.7
4.5 (Excellent)

TOTAL Average:

4.3 (Very Good)

Thesis/Dissertation
Background: The final assessment step in a student’s PhD or MS career is the completion of a
publishable body of comprehensive original research on an OSE topic, its composition in standard
written form, and its successful defense conducted at a publicly advertised location. This is the
culmination of the academic process certifying that all requirements of an advanced degree have
been fulfilled and that the student has earned the degree.
Data: Below are the average of the students’ scores and the overall average of the OSE MS-Thesis
and PhD-Dissertation defense exams. These scores were obtained from the Thesis/PhD Internal
Assessment Forms (Form C):
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
PhD Dissertation
Written
Substance:
Methodology:
Originality:
Style:
Work as a whole:

4.9
4.6
4.2
4.2
4.6

Oral
Clarity:
Completeness:
Pedagogical:
Response to questions:
Evaluation of work as a whole:

4.7
4.4
4.5
4.4
4.5

Average:

4.5 (Excellent)

MS Thesis
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
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Written
Substance:
Methodology:
Originality:
Style:

3.5
3.5
3.5
4.0

Work as a whole:

3.8

Oral
Clarity:
Completeness:

3.6
3.4

Pedagogical:
Response to questions:
Evaluation of work as a whole:

3.5
3.5
3.5

Average:

3.6 Very Good

MS Degree Internship
Background: The internship-based MS option (Plan 2B) is similar to Plan 2A with the critical
difference that the student pursuing this plan must take up an internship of 3-6 months at either an
industrial organization or a government/contractor laboratory. The internship must be arranged
well in advance but after the required coursework has been completed with prior consultation and
approval by a committee consisting of OSE faculty and at least one industrial POC, specifically
the immediate supervisor of the internship. Successful completion of the internship requires
specialized but not necessarily original OSE based work of practical interest and impact to the host
organization as well as a technical report of the involved work, while meeting the rigorous
standards of scholarship set out by the OSE program. Assessment of the internship is based on the
data collected from Form A (MS Internship Form). See below.
Data:
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
Student’s grasp to internship material

4.5

Quality of oral presentation

4.0

Student’s ability to answer questions

3.5

Overall assessment of research skills
and/or problem solving

4.0

Total Average:

4.0 Very Good

MS coursework:
Background: The course-based option, namely Plan 2A, requires more extensive
coursework than the thesis-based plan; however, each required class must be passed with
the same stringent B- grade or better as Plan 1. As stated earlier, a student earning a MS
coursework degree must either take an oral examination based on the core courses or they
must pass the written qualifying examination for each core and concentration required
course at the 45% level.
Data: MS required-course average GPA for students graduating in the Assessment Period:
Thesis option (Plan 1):
Non-thesis option (Plan 2A):
Internship option (2B) GPA:
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3.45
3.88
3.5

Remarks:
None of the graduating students received grades lower than a B- in the required courses.
Previous Assessment Period
Non-thesis option (Plan 2A):
Internship option (2B) GPA:

GPA:
3.9
3.5

3C: Primary Constituents
The constituents and stakeholders are as follows:
1) The three schools involved in the program – this includes graduate studies, Arts
and Sciences and the School of Engineering. The deans of all three programs are
kept abreast of assessment results through an annual assessment report process. The
reports can be found in the appendix. Any feedback is considered by the OSE
committee and changes are implemented if deemed necessary.
2) The two departments involved in the program – the chairs of Physics and
Astronomy and the Electrical and Computer Engineering departments are kept in
close contact regarding the assessment process and developments. Similar to the
process with the deans, the chairs of the departments are provided the results and
feedback is sought from them.
3) The affiliated centers –CHTM and CQuIC are closely affiliated to the OSE program
and CHTM in particular is involved in hosting the research labs for the OSE faculty.
The directors of the centers are not directly provided information on the assessment
process; however, there is direct interaction between CHTM faculty and students
with the OSE Academic Advisor Doris Williams and any issues or deficiencies are
communicated back to the OSE program.
4) Employees who hire OSE students – the program communicates with employees
who hire OSE students to better understand the effectiveness of the program. A
special consideration is given to the national/federal laboratories due to the close
ties with the labs and the significant hiring of OSE graduates by these organizations.
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Criterion 4. Students (Graduate)
4A: Recruitment
The OSE program has appropriate structures in place to recruit and retain graduate students. The
OSE Master of Science (MS) degree program’s recruitment and retention structures are evident.
The main MS degree recruitment tools are based on the program’s numerous pipelines established
with the national laboratories in New Mexico (Sandia National Laboratories, Air Force Research
Laboratory, and Los Alamos Laboratory) and the local optics industry. Specifically, the program,
through its alumni and faculty, has numerous research collaborations and personal connections
with the workforce at the national labs and industry. These relationships have developed a steady
stream of working professionals applying to the MS OSE program to earn a graduate degree. The
program’s diverse MS degree types (thesis, internship, and coursework) makes the program
manageable for working scientists. The various MS degree types support student retention because
these working professionals can opt to get an MS coursework or internship degree if the rigors of
MS thesis prove to be too time consuming. Moreover, the program retains MS students by
intentionally offering the core classes in the late afternoon and evening. Thus, many professionals
can work in the mornings and attend classes in the evening. Furthermore, the curriculum offers
opportunities for students to utilize independent study courses such as Research and Problems.
These independent study classes allow the working students not only flexibility in their schedule,
but also allow them to incorporate their research projects at work with their academic credits for
the degree. This relationship between the working student and the OSE program continues to
establish and strengthen new pipelines and partnerships between the national labs and industry and
the OSE program. These established associations between the OSE program and industry enhance
both recruitment and retention for the MS degree program. Finally, each student is paired with
both a faculty advisor and the program’s advisor to monitor any academic and research challenges.
The use of academic advising helps detect early academic issues or deficient resources so remedies
can be put in place to mitigate these circumstances and allow the student to continue in the program
through graduation.
Similar to the OSE MS degree program, the OSE PHD degree program has appropriate structures
in place to recruit and retain graduate students. There are four main sources that OSE utilizes to
recruit students. First, the bulk of the OSE applicants come from established pipelines with various
international universities throughout the world. The associations between the OSE faculty and
OSE alumni and with these international universities facilitate applicants to the university.
Second, the OSE program utilizes its collaborations and associations with the national labs and the
optics industry to recruit new PHD applicants. Many of the working students pursuing an MS
degree will continue after receiving the master’s degree to get a PHD degree. Third, the
undergraduate programs both at UNM and at other domestic universities have served as a source
for recruiting and finding new students. Finally, the program sends its faculty and staff to relevant
events (invited talks, conferences, on campus education fairs, etc.) to recruit and advertise the OSE
program.
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The OSE program initiates proactive recruitment activities each year in securing new applicants.
First, the program organizes a week-long Open House event each year for its admission applicants.
This event involves the OSE program funding the bulk of airfare, hotel and meals of the
prospective students to visit UNM and participate in a series of tours, talks, meetings and social
events with key staff, faculty and student groups. The Graduate Studies office also provides OSE
with two travel stipends to recruit students during this event. The purpose of the Open House is
to showcase the OSE program’s research facilities, academic program, and the faculty and students
associated with the program. The event affords the prospective students with information so they
can decide to study at UNM. The OSE program collaborates with-SOE, A&S, Physics and
Astronomy, (P&A) and Electrical and Computer Engineering, (ECE). Each of these academic
units have events that coincide with the OSE Open House. Working with all these constituencies
during this event ensures the prospective OSE student is afforded the full breath of the
interdisciplinary interplay.
Second, the OSE program proactively hosts prospective OSE student visits to UNM throughout
the year. Several students typically cannot make the aforementioned Open House, so OSE hosts
individual student visits that consist of the meet and greets with key faculty, tours of the lab
facilities and meals with current OSE students. The OSE program funds these visits by paying for
airfare, hotel stays and meals. In order for a student to obtain the student visit, they have to have
an OSE admissions offer with an assistantship for the upcoming semester, and they were unable
to make the Open House. The purpose for the student visit is to showcase the OSE program and
help the student make a final admission decision.
Both the Open House and student visits have been successful to the OSE program’s recruitment
efforts. For the 2019 recruitment efforts, we sent out ten (10) invitations to our Open House and
seven students (7) came and (4) enrolled. For industry and national lab recruits, the OSE program
had four (4) students apply to the program and all four (4) students were accepted and are currently
enrolled.
The OSE program has a commitment to recruiting and retaining students from underrepresented
communities and promoting inclusion and equity. Specifically, the program has worked with
various internal UNM programs affiliated with the School of Engineering, (SOE), College of Arts
and Sciences, and Graduate Studies to identify these students, find funding and academic resources
for them to achieve student success. Moreover, the program has worked with UNM’s equity and
inclusion offices such as LoboRespect, the Dean of Students, and the Student Health Center in
providing training and referrals for the staff, students and faculty. In working with each of these
constituencies, the OSE program has taken an active role in creating an academic environment that
celebrates inclusion and diversity. The program has seen an increase in students who are from
Native American and Hispanic communities. There is room for improving the recruitment and
retention of underrepresented communities and the program will continue diligently improve its
endeavors.
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4B: Admissions
The students are admitted into the program based on their academic performance at the
undergraduate and/or Masters level at their prior institution, their GRE scores, relevance of prior
course work to OSE research areas, and their promise of graduate-level research, as assessed by
means of their letters of recommendation. The specifics of the application process are described
on the program’s web site at http://optics.unm.edu. The applicants either self-identify or are placed
by the OSE Graduate Committee, (OSEGC) in the P&A or the ECE pool.
The UNM OSE admissions data are shown on the next two pages for the past 9 years. The
applicant pool has decreased from the earlier year; however, the number of students we admit and
enroll each year has remained steady. The University has seen a decline in enrollment, but the
OSE program has maintained its enrollment. The admissions percentage fluctuates from year to
year depending primarily on the availability of research assistantships, since the teaching
assistantships have been constant or increased slightly over the past several years.
There are a number of teaching assistantships (TAs) and research assistantships (RAs) available
for the financial support of applicants deemed outstanding by the OSEGC. The TAs are typically
awarded to the OSE students entering the program through P&A, while the RAs are typically
available through ECE and CHTM for the more advanced, MS degree holders. The P&A TA pool
consists of OSE as well as non-OSE applicants, and the ultimate decision to award TAs to the
incoming OSE students is made by the P&A admissions committee, which contains one or more
P&A based members of the OSEGC. By contrast, the type and amount of RA awards are
determined by faculty members whose research grants pay for the awards. Rarely, a combination
of the two types of assistantships make up the full financial support provided to the student. Each
TA award is promised for two years subject to the student maintaining a good academic standing
in the program.
The OSE program has enjoyed a consistent number of applicants from around the world. Below
are the metrics associated with the OSE program’s admissions applicants. Chart 4.1 shows a
decline in the total number applicant in recent years. This decline has been steady from a high of
76 in 2014 to 40 in 2019. This trend follows other programs nationally and could be attributed to
a strong economy and some geopolitical factors as well. The data also shows that there is a much
stronger drop in the international application pool, while the domestic applications have shown
growth. With the drop in the number of applicants we also see a similar drop in the number of
students admitted as can be seen in Chart 4.2. The number of admitted PhD students was at 43
students in 2014 and has since dropped to 12 in 2019.
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Chart 4.1 : OSE PHD/MS Applicants from Years 2013 – 2019
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Source: UNM MyReports and OSE Program Records. Data Collected 2/8/2020.
Each year includes the OSE Fall and Spring Admissions for that particular year.

Table 4.1: OSE PHD/MS Applicants from Years 2013 – 2019 International and
Domestic Applicants
2013
2014
2015
2016
2017
2018
74
Applicants

76
Applicants

50
Applicants

63
Applicants

55
Applicants

% of US to
International
Applicants

23% USA
77%
Intern.
Applicants
USA,
Taiwan,
China,
Iran, India,
Turkey,
Nepal,
and
Finland

8% USA
92% Intern.
Applicants

18% USA
82% Intern.
Applicants

24% USA
76% Intern.
Applicants

25% USA
75% Intern.
Applicants

43% USA
50% USA
57%
50%
International International

USA,
Taiwan,
China, Iran,
India,
Serbia,
Bangladesh,
Venezuela,
and
Pakistan

USA,
Taiwan,
China, Iran,
India,
Serbia,
Bangladesh,
and
Pakistan

USA,
Taiwan,
China, Iran,
India,
Serbia,
Bangladesh,
Ghana,
Jordan and
Pakistan

USA,
Taiwan,
China, Iran,
India,
Serbia,
Bangladesh,
Zimbabwe,
S. Korea,
Jordan,
Turkey and
Pakistan

USA, S.
Korea,
China, Iran,
India,
Bangladesh,
Turkey and
Taiwan,
Pakistan

Applicants’
Countries

51
Applicants

2019

OSE Total
Applicants

Source: UNM MyReports and OSE Program Records. Data Collected 2/8/2020.
Each year includes the Fall, Spring and Summer Admissions for that particular year.
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40
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Chart 4.2: OSE Graduate Applicants for Fall Semesters*
OSE Graduate Student Application and Admissions:
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Data Source: UNM MyReports and OSE US News and World Reports. Data Collected 2/8/2020

Table 4.2: OSE Graduate Applicants for Fall Semesters
2013

2014

2015

2016

2017

2018

2019

Applied

8

7

4

8

7

8

5

Admitted

6

4

4

2

6

7

2

Newly Enrolled Students**

2

2

1

1

3

3

1

Masters

Doctoral
Applied

70

65

30

44

35

31

24

Admitted

36

43

14

28

29

19

12

Newly Enrolled Students**

10

6

7

8

8

9

7

Applied

78

72

34

52

42

39

29

Admitted

42

47

18

30

22

26

14

Newly Enrolled Students**

12

8

8

9

11

12

8

Total
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*This OSE Graduate Applicants for fall semesters was submitted in initial draft, but was updated per the request of
the APR Review Committee to reflect the students who matriculated. Consequently, these additional metrics
would reflect the program’s student retention.
**Newly enrolled students mean those students who applied in the designated year for either the OSE MS or PHD
program, were admitted, and matriculated into the OSE program in the designated fall semester.

OSE Enrollment
The OSE program has maintained a steady enrollment of approximately 60+ students over the past
five years. The program is predominately populated by students earning their PhD degrees and
picking up their MS degrees en route. A student’s designation of OSE-ECE, OSE-P&A and OSEChemistry is based on the departmental affiliation of their faculty advisors. For reporting purposes
both internally and nationally, OSE reports the total number of students, degrees, etc. and does not
break down the student body into these designations.
Chart 4.3: OSE SUMMARY OF FALL STUDENT ENROLLMENT FOR 2009 to 2018

OSE Fall Student Enrollment Chart:
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Data Source: UNM MyReports and OSE Program Records. Date Collected 2-8-20. D. Williams

Table 4.3: OSE SUMMARY OF FALL STUDENT ENROLLMENT FOR 2009 to 2018

2009
60
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2010
60

2011
60

2012
61

2013
63

2014
66

2015
62

2016
60

2017
63

2018
63

Data Source: UNM MyReports and OSE Program Records. Date Collected 2-8-20. D. Williams

Enrollment Trends
UNM Main Campus Headcount and SCH Over Time
NM Unemployment
8%

NM Unemployment
3.5%

25,749

27,304

339,433
29,100

341,886

336,618

335,724

333,819
320,954

28,644
27,899

25,820

27,353

27,060

NM
Unemployment
4.6%

26,278
23,471

294,078

23,618

23,251

23,073

295,720
24,393

22,857
21,983

20,581
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Fig. 4: Official student credit hours, headcount and full-time enrollment data as
provided by the University of New Mexico.

The UNM enrollment for the past five years has been on a sustained decline both at the graduate
and undergraduate levels. Some of the University’s enrollment reduction can be attributed to a
decrease in international applications and to the recovery of the U.S. economy since the 2007
recession. Remarkably, the OSE program has been able to weather these various changes and
maintain steady enrollment for the last decade. Fig.4 shows the official student headcount for the
entire university from 2007 to 2018. In comparison Chart 4.4 shows the PhD and MS enrollment
for the OSE program from 2013 to 2018. Despite a reduction in applicants and a subsequent
reduction in the number of admitted students, we have registered a steady increase in the number
of enrolled students. Part of the reason for this is the robust admissions in 2013 – 2015 and thus
there could be a potential decline in the number of students in the coming years. The P&A and the
ECE departments have evenly split the number of enrolled students with a couple of enrolled
students affiliated with the Chemistry department. Chart 4.5 shows the enrollment statistics based
on student department affiliations. The OSE program has a 16% female student enrollment and
36% minority student enrollment as can be seen in charts 4.6 and 4.7. Finally, in Chart 4.8 we can
see the number of degrees awarded with a decline in the number of PhDs from 16 in 2015 to 8 in
2019, however a steady increase in the number of MS degrees has been observed.
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Chart 4.4: OSE Fall PHD/MS Student Enrollment Years 2013 - 2018
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Source: UNM MyReports and OSE Program Records. Data Collected 2-8-20.

Table 4.4: OSE Fall PHD/MS Student Enrollment from Years 2013 - 2018
Year

% of MS
Students
Enrolled

Total PhD
Students Enrolled
in OSE Program

% of PhD
Students
Enrolled

2013

TOTAL MS
Students
Enrolled in
OSE Program
4 MS

7%

59 PhD

93%

2014

5 MS

8%

56 PhD

92%

2015

6 MS

10%

54 PhD

90%

2016

5 MS

9%

52 PhD

91%

2017

8 MS

12%

56 PhD

88%

2018

10 MS

16%

53 PHD

84%

Source: UNM MyReports and OSE Program Records. Data Collected 2-8-20.
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Chart 4.5: OSE Fall Student Enrollment Interdisciplinary Years 2013 - 2018

Figure 4.5: OSE Fall Student Enrollment Interdisciplinary Years
2013-2018
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Source: UNM MyReports and OSE Program Records. Data Collected 2-8-20.

Table 4.5: OSE Fall Student Enrollment Interdisciplinary Years 2013 – 2018
Year

TOTAL
Fall OSE
Enrollment
63 Students
4 MS/59 PhD

ECE Total

% ECE

P&A Total

% P&A

Chemistry
Total

%
Chemistry

31 Students
2 MS/29PhD

50%

31 Students
2 MS/29PhD

50%

0

0%

2014

61 Students
5 MS/56 PhD

28 Students
3 MS/25PhD

46%

33 Students
2 MS/31PhD

54%

0

0%

2015

60 Students
6 MS/54 PhD

29 Students
4 MS/25PhD

48%

30 Students
2 MS/28PhD

50%

1 Student
1 PhD

1.7%

2016

57 Students
5 MS/52 PhD

22 Students
3 MS/19PhD

39%

33 Students
2 MS/31PhD

58%

2 Students
2 PhD

3.5%

2017

64 Students
8 MS/56 PhD

28 Students
5 MS/23 PhD

44%

34 Students
3 MS/31PhD

53%

2 Students
2 PhD

3.1%

2 Students
2 PhD

3.17%

2013

2018

63 Students
28 Students
44%
33 Students 52%
10 MS/53
4 MS/24 PhD
6 MS/27 PhD
PhD
Source: UNM MyReports and OSE Program Records. Data Collected 2-8-20. D. Williams

Page | 35

Chart 4.6: OSE Enrollment by Gender of Students Admitted To Program, FALL 2014 to
FALL 2018
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Table 4.6: OSE Enrollment by Gender of Students Admitted To Program, FALL 2014 TO
FALL 2018
2014

2015

2016

2017

2018

54

53

53

55

53

12

9

7

8

10

Gender
OSE Enrolled
Male
Students
OSE Enrolled
Female
Students

Data Source: UNM MyReports and OSE Program Records. Date Collected 2-8-20. D. Williams
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Chart 4.7: OSE Enrollment by Ethnicity of Students Admitted to Program Fall 2014 to Fall
2018

Chart 4.7: OSE Enrollment by Ethnictity of Students
Admitted Fall 2014 to Fall 2018, excluding
international students
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Table 4.7: OSE Enrollment by Ethnicity of Students Admitted to Program Fall 2014 to Fall
2018
Students’
Ethnicity
White/nonHispanic
American
Indian
Asian/Pacific
Islander
Hispanic
African
American
International
Other

2014

2015

2016

2017

2018

9

9

11

11

15

0

0

0

1

2

3

1

1

1

0

3
1

4
1

4
1

4
1

5
1

49
1

40
3

40
3

41
4

35
4

Data Source: UNM MyReports and OSE Program Records. Date Collected 2-8-20. D. Williams

Chart 4.8: OSE Fall PHD/MS Awarded Degrees from Years 2013 –2019
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Table 4.8: OSE Fall PHD/MS Awarded Degrees from Years 2013 –2018

MS
Degrees
PHD
Degrees
Total
Degrees

2013

2014

2015

2016

2017

2018

2019

7

7

4

8

8

8

10

5

11

16

8

11

7

8

12

18

22

16

19

15

18

4D: Advisement Practices
Each entering student is assigned an academic advisor drawn from the OSEGC, whose members
are the most versed in the content, nuances, and any recent changes of the myriad academic
requirements of the graduate degrees. After the initial advisement, the student meets with his or
her advisor typically toward the end of each semester to plan the coursework for the following
semester until the student has completed his or her required coursework. An important role of the
advisor is to ensure that all gaps and deficiencies in the student’s academic progress toward
completing the required coursework are addressed in a timely manner. Students in the MS degree
program under the thesis plan (Plan I) will at this point already have a thesis advisor under whose
guidance he or she has been working on a research project toward the thesis requirement. On the
other hand, the PhD seeking students will at this point be ready for the qualifying exam. After the
student passes this exam, typically he or she will have already a dissertation advisor, the role of
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the academic advisor in the student’s further progress toward the degree. The student works
closely with his or her dissertation advisor to formulate a research proposal, which he or she must
successfully defend within one year of passing the comprehensive exam and thus be advanced to
candidacy.
4E: Student Support Services
The OSE academic unit has some student support services that are maintained by the unit and
facilitate academic success. First, the program has utilized a bifurcated system of academic
advising through both a program advisor and a faculty/research advisor. Academic advising is
defined as the process between the student and an academic advisor of exploring the value of a
general education, reviewing the services and policies of the institution, discussing educational
and career plans, and making appropriate course selections. The OSE students meet with both
their faculty and staff advisor throughout their tenure in the program. The staff advisor offers
administrative, academic advising and resource referral support to the students. The faculty offer
academic, research and career advising to the students. Both of these counseling techniques ensure
that all aspects of a student’s academic life are covered during their time at OSE in one on one
interactions.
Second, the program strongly encourages students to get involved with optics student
organizations such as SPIE and OSA. These student chapters encourage research opportunities,
academic success through study groups, community outreach, leadership development and also
offer social gathering opportunities. These student-lead groups can serve as the main social outlet
for many OSE students. We have provided two reports from the SPIE and OSA chapters which
look back over the last decade of their achievements and activities.

Fig. 5: Aram Grogossian, OSE PHD student performing Laser Cooling experiments in Dr.Sheik-Bahae’s
Laboratory

Third, the OSE program works with various university support services to ensure the students are
connected. These services include the academic offices that help the student move through the
academic process with success, such as Graduate Studies, Graduate Resource Services, and
Engineering Student Services. The OSE program also encourages students to use the health and
human services offices at UNM such as SHAC, the student health and counseling office, and
recreation services. We have found that encouraging students to share their concerns that are both
emotional and physical with a trained healthcare provider can allow the student achieve success
completing the program. The recreation services allow students to not only get physical exercise,
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but many OSE students have joined intramural teams and expanded their social circles which is
crucial for support when completing graduate education. Finally, the OSE program makes sure the
students are equipped with training programs that involve laboratory techniques, ethics, civil rights
awareness and thesis and manuscript writing. Each of these trainings allow the student to be
equipped to perform the research and academic work and to be aware of their rights and behavioral
expectations.
4F: Graduate Success

Fig. 6: OSE Alumni, Dr. Arman Rashidi giving a TED talk in New Mexico in 2019

Exit Interview and Alumni Questionnaire
Each graduate of the OSE program must undergo an exit interview with either the General Chair
or Co-chair or their designee. This accords the graduates an opportunity to critique the program
and their experiences as a student at UNM and the program a portal into the students’ perspectives
on its effectiveness, strengths, and shortcomings.
The program regularly solicits feedback from its alumni as a survey of their workforce placement
and how they have leveraged their academic experience at UNM for their professional career.
Typically, each year the questionnaire is sent to alumni who graduated from the program five years
prior.
Both these modes of feedback are utilized constantly by the program to improve its scope,
offerings, quality, and currency in the ever-changing professional world.
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Criterion 5. Faculty
The OSE program has currently 35 affiliated faculty from various departments at UNM. These
range from mostly tenured/tenure track faculty but also include research faculty, adjunct faculty
and emeritus members of the faculty. The affiliation status, which requires approval by the OSE
graduate committee following nominations or requests by the individual faculty, are based on
various criteria that include the faculty’s research area, her/his teaching and service in OSE
programs, and supervision of OSE graduate students. While the majority of the affiliated faculty
are from the two departments of Physics & Astronomy (P&A) and Electrical and Computer
Engineering (ECE), in recent years OSE has been fortunate to expand on its multidisciplinary
nature to include outstanding members from other UNM departments such as Chemistry &
Chemical Biology, Chemical and Nuclear Engineering, and Mathematics and Statistics. The
degree of affiliation varies depending on the OSE-related workload of each faculty. Among the
affiliated faculty, there are 12-15 members that actively participate in the administration (example:
OSE graduate committee, OSE exam committee, OSE seminar organization, etc.) and teaching of
the OSE required courses on regular bases, are often referred to as the OSE Core faculty.
5A: Composition
The affiliated faculty, their status and their home departments are listed in the following table:
Name

Title/Department

Research Area

PhD/Year

Ganesh Balakrishnan
OSE General Chair

Associate Professor,
ECE/CHTM

UNM (OSE), 2006

Alejandro
Manjavacas
OSE Co-Chair

Assistant Professor,
Physics and Astronomy

Victor Acosta

Assistant Professor
Physics and Astronomy
CHTM

Semiconductor
optoelectronics,
novel epitaxial
processes
Nanophotonics,
Classical and
quantum
plasmonics
Nano-scale
magnetometry,
Molecular imaging

Ladan Arissian

Research Assistant
Professor
ECE, CHTM

UNM (OSE), 2007

Viktoriia Babicheva

Assistant Professor
Electrical and Computer
Engineering

Ultrafast
Phenomena,
Attosecond
Science
Plasmonics,
metamaterials, and
metasurface

Francisco Becerra

Assistant Professor
Physics and Astronomy

Quantum Optics,
Quantum
Information

CINVESTAV-IPN,
Mexico, 2009

Steven Brueck

Distinguished Professor
(Emeritus)
ECE/ P&A CHTM

Nanophotonics,
Lithography,
Nonlinear Optics

MIT, 1971
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Universidad
Complutense de
Madrid/ CSIC,
Spain, 2013
UC Berkeley, 2011

Technical
University of
Denmark, 2013

Francesca Cavallo

Assistant Professor
ECE/ CHTM

2D materials,
Flexible photonics,
THz radiation

Tech. Univ. of
Chemnitz,
Germany, 2006

Carlton Caves

Distinguished Professor
(Emeritus)
Physics and Astronomy

Quantum
Information
Science, Quantum
Optics

Caltech, 1979

Christos
Christodoulou

Distinguished Professor
ECE

Neural networks,
Electromagnetic
systems

North Carolina
State, 1985

Ralph Dawson

Professor
ECE/ CHTM

Semiconductor
Materials/ Epitaxy

UCS, 1968

Ivan Deutsch

Regents Professor
Physics and Astronomy

Quantum
Information
Science, Quantum
Optics

UC Berkeley, 1992

Jean-Claude Diels

Professor
Physics and Astronomy
CHTM

Ultrafast Nonlinear
Optics, Laser
Physics

Brussels, 1973

Tara Drake

Assistant Professor
Physics and Astronomy
CHTM

Nanophotonics,
Nonlinear Optics

University of
Colorado, Boulder,
2015

Petr Eliseev

Research Professor
ECE/ CHTM

Semiconductor
Lasers

Lebedev Physics
Institute

Luke Emmert

Research Assistant
Professor
Physics and Astronomy

Nonlinear Optics,
Laser Damage

Richard Epstein

Research Professor
Physics and Astronomy

Optical
Refrigeration

Stanford, 1975

Daniel Feezell

Assistant Professor
ECE/ CHTM

UC Santa Barbara
(UCSB), 2005

Chuck Fleddermann

Professor
ECE

GaN-based
epitaxy, solid state
lighting,
semiconductor
lasers
Optics Education
Photovoltaics
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University of
Illinois at UrbanaChampaign, 1985

John Grey

Associate Professor
Chemistry/ CHTM

Electronic and
Photonic Material
Physical
Chemistry

McGill University,
2002

Terefe Habteyes

Associate Professor
Chemistry/ CHTM

University of
Arizona, 2008

Ravinder Jain

Professor
ECE/ CHTM

DNA mediated
optical coupling
Semiconductormetal hybrid
nanomaterials
Nonlinear Optics/
Fiber Lasers

Nitant Kenkre

Distinguished Professor
(Emeritus)
Physics & Astronomy

Organic Photonics,
Dynamics of
Photo-injected
Carriers

SUNY - Stony
Brook, 1971

Keith Lidke

Associate Professor
Physics and Astronomy

Super-resolution &
Hyperspectral
microscopy

University of
Minnesota, 2002

Pavel Lushnikov

Professor
Mathematics and Statistics

Mathematical
Physics and Optics

Landau Institute for
Theoretical Physics,
1997

Arash Mafi

Professor,
Physics and Astronomy
CHTM (Director)

The Ohio State
University, 2001

Kevin Malloy

Professor Emeritus
Physics and Astronomy
CHTM

Quantum and
nonlinear optics,
light propagation
in disordered
media
Semiconductor
Photonics

John Matthews

Professor, Physics and
Astronomy

Gamma-ray optics,
high-energy
physics

University of
Toronto, 1971

Marek Osinski

Distinguished Professor
ECE/ CHTM

Optoelectronics
Photonic
Integrated Circuits

1979, Polish
Academy of
Sciences

Sudhakar Prasad

Emeritus Professor,
Physics and Astronomy

Quantum Optics
Imaging

Harvard, 1983

Wolfgang Rudolph

Professor
Physics and Astronomy

Ultrafast
spectroscopy
Femtosecond
microscopy
Infrared lasers

1995 University
Jena
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UC, Berkeley
1974

Stanford, 1983

Edl. Schamiloglu

Distinguished Professor
ECE

Microwaves, E&M
Propagation

Cornell, 1988

Mansoor SheikBahae

Distinguished Professor
Physics and Astronomy

Laser Cooling of
Solids, Nonlinear
Optics,
Semiconductor
Photonics

SUNY- Buffalo
1987

Andy Shreve

Professor
Chemical and Nuclear
Engineering

Photophysical
behavior of
electronic and
optical materials

Cornell, 1991

Jim Thomas

Associate Professor
Physics and Astronomy

Biomedical Optics

Cornell, 1991

5B: Course-Load
The course-load of tenured/tenure-track faculty who are affiliated with the OSE program varies
depending on their home department, and the guidelines that have been established by their
corresponding college and school. The faculty in the department of Physics and Astronomy are
expected to teach 3 courses (9 credit hours) per year. Those with very active research and
mentoring programs often teach one course (3 credit hour) and one seminar (1 credit hour) each
semester. The faculty with the Electrical and Computer Engineering department have a load policy
that is dependent on the number of graduate students advised and the amount of annual research
expenditure. Typical OSE assistant professors teach one course (3 credit hours) in fall and one
course (3 credit hours) in spring. Associate and Full professors have an annual load of three courses
with the understanding that they can teach one and one with one course bought out. In both
programs the faculty teaching load is determined by the department chair and, in cases where a
faculty is involved in external activities such as organizing a conference or chairing a faculty
search committee, adequate allowance is made for such activities and the teaching load is reduced
in a commensurate manner.
There are some complexities in the teaching load formula when it comes to an interdisciplinary
program such as OSE. In the previous APR, issues were raised regarding the counting of OSE
courses towards ECE faculty teaching load. While there is no official policy allowing for the
inclusion of OSE courses towards an ECE faculty’s teaching load, the creation of a new OSE prefix
along with discussions with the chair has allowed OSE faculty at that department to have their
OSE teaching assignments be recognized towards departmental teaching loads.
5C: Professional Development
Faculty receive professional development support from the individual departments and their
respective chairs. The OSE program does, however, interface with UNM organizations such as
ADVANCE to help with professional development.
Page | 44

Criterion 6. Research, Scholarship, & Service
6A: Scholarly & Creative Works
The UNM Optical Science and Engineering program is a highly research active program with an
extensive history of scholarly activity on the part of the faculty. These scholarly activities can be
measured through many metrics; one such approach is to look at the publication records for the
year 2019. Below you can find the charts for both the H-index and the cumulative citations for the
faculty. In both metrics OSE shows the hallmarks of robust research activity with excellent
scholarship.
Chart 6.1: H-Index for research active OSE faculty.
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Chart 6.2: Cumulative publication citations for research active OSE faculty.
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6B: Research Expenditures
The OSE faculty have also had a strong track record of fundraising. Grants received by the faculty
in the program include those from DoD (AFOSR, ONR, AFRL and ARO), NSF, DARPA, DTRA,
DoE, Sandia National Labs LDRDs, and LANL to name a few. The chart below shows the 2019
calendar year research expenditure for faculty in the program. The expenditure translates into
support for the employment of research staff, post-doctoral researchers and graduate research
assistants. The ability to support such a large cohort of PhD students is directly the result of the
funds raised. These funding levels have been sustained for the past decade.
It must be pointed out that, given OSE is primarily a graduate academic program, the overhead
returns from such research activity goes back to the departments or the centers. While the research
activities are an integral part of the OSE program and go hand in hand with the education mission,
the program’s sole mandate is academic in nature.
Chart 6.3: 2019 calendar year research expenditure for research active OSE faculty.
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Faculty

6C: Research Involvement
OSE is strongly involved with all three major laboratories in New Mexico. Sandia National Labs,
Los Alamos National Labs and the Air Force Research Laboratory are all closely linked with the
OSE program. This includes the direct funding of OSE faculty research, the support of graduate
students and sharing of research resources. SNL/LANL also jointly operate the Center for
Integrated Nano Technology (CINT) user facility, which is heavily used by OSE faculty.

Fig.7: Prominent federal/national laboratories and optics organizations in the state of New Mexico.

The OSE program is also closely involved with UNM centers such as the Center for High
Technology Materials (CHTM) and the Center for Quantum Information and Control (CQUIC).
In particular, the ties with CHTM are very strong with most of the ECE members of OSE and
several P&A members housed at CHTM. A list of CHTM facilities and resources can be found in
the facilities section of this document.
6D: Student Opportunities
The OSE program is highly research-centric, with close to a 100% of students involved in some
form of research. All PhD and MS (thesis option) students are required to produce high-level
original research culminating in a thesis document. Non-thesis MS students can opt for a project
MS, which still includes some research component. The coursework MS is the only program that
does not involve research. Graduate students recruited as research assistants (RAs) are directly
involved in faculty research projects; Graduate Assistants (GAs) are also involved in research with
some departmental duties, and the teaching assistants (TAs) are primarily tasked with instruction
but are able to volunteer time to work on research projects. The program is not directly involved
with undergraduates, however several undergraduates from the P&A and the ECE programs do
participate in research in paid and unpaid capacities with the faculty.
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6E: Community Service
The OSE faculty are active participants in a broad range of service activities. These include
working with high school students and teachers during the summers and conducting several
outreach activities with the public. Figure 8 shows photographs of outreach events held with
students from local high schools, REU and RET participants.

Fig.8: High school, REU and RET outreach activities.

The faculty are also involved in reaching out to the general public to disseminate optics to the
community. An example of this effort is the international year of light celebration that was held
in 2015 with wide participation from the UNM and the New Mexico community.

Fig.9: International year of light celebration at UNM.

The OSE faculty are also active participants in a wide range of professional organizations with
several faculty members having fellowships in societies such as IEEE, SPIE, APS and OSA.
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Criterion 7. Peer Comparisons
7A: Analysis
We choose the University of Arizona, University of Rochester and the University of Central
Florida as the three peer institutions for comparison.
The University of Arizona College of Optical Sciences is one of the premier educational and
research institutions in optics and photonics worldwide. This institution is an obvious choice for a
peer comparison given its proximity to UNM and the fact that it serves similar constituents and
student demographics. The University of Arizona’s College of Optical Sciences focuses on
educating outstanding students with a broad foundation in all areas of optics and on providing
practical experience and highly competitive technical skills. Their research program spans from
optical engineering to fundamental optical physics, from photonics to image science, and provides
unique opportunities to pursue cutting-edge applications of optics in real systems.
The University of Rochester Institute of Optics. Founded in 1929, the Institute of Optics was the
first optics education program in the nation. The Institute of Optics is an academic department
within the University of Rochester and grants undergraduate, master’s and PhD degrees in optics.
To date, the Institute has granted approximately 2,800 degrees in optics, approximately half of all
degrees awarded in optics in the US. Through rigorous academic instruction, laboratory exercises,
informal events, and networking opportunities, the Institute of Optics provides a strong educational
experience in the broad field of optics.
CREOL, the College of Optics and Photonics at the University of Central Florida, is one of the
world’s foremost institutions for research and education in optical and photonic science and
engineering. CREOL started in 1987 as the Center for Research and Education in Optics and
Lasers, and became a college in 2004, the first US graduate college in this area, offering
interdisciplinary graduate programs leading to M.S. and Ph.D. degrees in optics and photonics. An
undergraduate program offering a BS degree in Photonic Science and Engineering began in 2013
in partnership with the College of Engineering and Computer Science. The College includes 36
faculty members plus 19 faculty with joint appointments and 5 emeritus professors. It is home to
more than 60 research scientists, 150 graduate students and 90 undergraduate students. The faculty
and students are engaged in research covering all aspects of optics and photonics including lasers;
optical fibers; integrated photonics; nonlinear and quantum optics; and imaging, sensing and
display.
Comparisons to UNM: All of the programs mentioned above are schools, colleges and institutes,
unlike OSE at UNM, which is a graduate program. This has been a critical factor in the growth of
OSE, which is generally stymied on account of limited resources and being dependent on three
schools/colleges for oversight and funds. This is also a primary reason why some such programs
are able to offer undergraduate programs in optics, while OSE is a graduate program. OSE has
significant advantages over the other programs, however, the research collaborations that exist
between the program and the national labs. Strong ties exist between Sandia National Labs, Los
Alamos National Labs, the Air Force Research Labs and UNM. These collaborations involved
funds and joint projects for faculty and opportunities for students for research positions, internships
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and post-graduation careers. This extensive optics infrastructure and ecosystem is unique to New
Mexico and to the OSE program.
While the rationale in selecting the above-mentioned universities is to compare the OSE program
to other optical sciences programs, the community served by UNM includes a significant number
of Hispanic and Native American students. UNM thus has a designation of a Hispanic Serving
Institution. Examples of universities with similar sizes and demographics include the University
of Arizona, New Mexico State University and the University of Texas at Arlington.
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Total University
Enrollment

Unit Graduate
Degrees offered

Unit Graduate
Student
Enrollment

Total number of
Unit Faculty

Status ranks/comparisons

University of
New Mexico

24,393

MS

65 Graduate
Students

35 Faculty

While there are no official
rankings for the optics
programs. It is general
consensus in the community
that the University of
Rochester, University of
Arizona and the University of
Central Florida are currently
the top Optics Graduate
Programs.
UNM
could
possibly be in the top 5 and
certainly in the top 10.

University of
Arizona

44,831

200 Graduate
Students

50+ faculty

University of
Rochester

11,126

110 Graduate
Students

50+ faculty

University of
Central Florida

66,183

160 Graduate
Students

40+ faculty

Peer institutions

PhD

MS
PhD
MS
PhD
MS
PhD

Criterion 8. Resources & Planning
8A: Budget
The OSE program budget efficiently covers many of the unit’s programmatic mission and
functions. The revenue for the unit comes from two major revenue sources- Instruction and
General support from the state I&G fund and UNM Tuition Differential. The I&G funding is
determined each fiscal year by the New Mexico State Legislature for the University of New
Mexico. The I&G recurring funding covers the OSE salaries, SAC and operational costs for the
unit.
The UNM Tuition Differential revenue is relatively new source. In AY 2016-2017, SOE was
approved by the Provost Office for differential tuition payments. Initially, both resident and nonresident students would pay a $100.00 differential (Phased in over 2 years). In FY19, the tuition
differential went up from $50.00 to $100.00. Going forward, both resident and non-resident
students would pay an increase/decrease or new differential of $100.00 (Phased in over 2 years).
The purpose of the differential tuition was to offer programmatic, student focused and academic
initiatives that enhance the academic unit.
The OSE and NSMS programs were always included in the SOE original petition request to the
Provost Office for tuition differential. The OSE Executive Committee, which included the
Graduate Studies, A&S and SOE Deans, was consulted on the tuition differential proposal.
Moreover, each year this committee is given a program budget which includes the tuition
differential expenditures. The OSE and NSMS programs’ allocated differential tuition is returned
to the program each semester. The OSE program is allowed to spend the tuition on student centered
programmatic and academic initiatives. The programs cannot spend the differential on faculty
salaries. Despite the interdisciplinary nature of both programs, OSE and NSMS only pay the SOE
differential and not the newly installed A&S differential. Since SOE initially instituted the
differential, for the ease of implementation purposes, the SOE differential will only be paid by the
OSE students.

Revenue, Expenses and Proposed Budget of the OSE Program
I. OSE Operations
1. Operations Expenditures:
Office supplies, special events, office equipment, seminars

$14,200

2. Total OSE Operations Expenditures

$14,200

3. Operations Revenue:
A&S and SOE I&G Revenue
OSE Tuition Differential for Seminar

$ 7,350
$ 7,000

4. Total OSE Operations Revenue

$14,350

Operations Revenue – Operations Expenditures (Line 4 less line 1)

$

150

II. OSE Personnel
5. Personnel
1.0 FTE Sr. Academic Advisor

$ 50,541

SAC for OSE General Chair
SAC for OSE Co-Chair

$
$

6. Labor Subtotal:

5,000
2,500

$58,041.00

7. Labor Revenue
SOE Contribution (I&G)
A&S Contribution (I&G)
GS Contribution to Staff Salary (I&G)

$25,161
$25,161
$ 7,800

8. Labor Revenue Subtotal

$58,041

Labor Revenue – Operations Revenue (Line 8 – Line 6)

$

0.00

III. Differential Expenditures
OSE Seminar Travel

$ 6,000

Promotional/Marketing for Student Events

$ 2,000

Honorarium

$ 5,000

Best Dissertation Awards (2 given@ $500)

$ 1,000

Books & Supply Student Awards
(Approx. $200.00 Student Awards)

$ 1,000

Student Travel Awards

$ 6,000

Recruitment/Conferences Travel UNM Employees

$ 4,000

Seminar Food

$ 5,000

Special Event Food

$ 5,000

Special Event Travel Accommodations

$ 5,000
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OSE Open House 2020 (Student Airfare, Hotel, Meals, etc.)

$20, 000

10. Total Tuition Differential Expenditures

$60,000

IV. Tuition Differential Yearly Revenue
11. Total Tuition Differential Revenue

$65,000

Differential Revenue –Differential Expenditures (Line 11 less Line 10)

$ 5,000

V. Proposed Budget:
Additional Monies Needed:
2-4 Dedicated & Recurring OSE GA Lines

$80,000-$160,000

OSE Advisor Special Event Labor

$15,000

0.5 FTE Administrative Assistant

$24,000

0.5 FTE Laboratory Coordinator
Proposed Budget TOTAL

$26,000
$225,000

The dedicated 2-4 recurring GA lines are essential to the OSE program’s recruitment, maintenance
and enrollment growth. The program utilizes these lines mainly as recruitment tools to attract the
top talent from around the world. The GA positions allow a student to come to UNM and study
without the burden of securing financial aid. A student is allowed to be supported for 1-2 years in
the program. These GA lines are used for both domestic and international applicants. At the end
of GA period, the student has completed their first year of core classes, qualification exams and
they are in a position to start choosing research advisors. The GA lines allow for the OSE faculty
to observe the recipient’s academic and research skills and decide if the student would be a good
fit in their laboratories. Securing 2-4 dedicated and recurring OSE GA lines are crucial to the
program maintaining its enrollment, recruitment and future growth.
Increasing the staff within the unit will help improve programmatic deliverables. The addition of
a part-time administrative assistant and laboratory coordinator will help the program carry out
many of its day to day and research tasks with greater ease and efficiency. Moreover, having
special funding for the current OSE advisor for special events held on a larger scale, similar to the
Celebration of Light event, would help with outreach to the public and closer ties with OSE alumni.
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Potential Future Revenue Sources for the OSE Program:
a) Supplemental Tuition Fees: with a basis of 60-80 students, supplemental tuition Fees
student/semester would cover the proposed OSE budget.
b) Tuition generated from the 25 OSE RAs contracts amounts to about $130,000 annually.
c) Continued Increase in Enrollment and Tuition Differential the program would be hoping
to continue to expand its enrollment in the future. Consequently, this increase would increase
UNM’s future differential.

Criterion 9. Facilities
9A: Current Space
The OSE program is hosted in two buildings that meet all the all the facility needs of the program.
Specifically:
•

•

PAÍS: a brand new $67M building with nearly 140,000 square-feet, designed to include a
high-performance section that meets very high standards for vibration and electromagnetic
interference (EMI) criteria. PAÍS is the home of the Physics and Astronomy department
and also hosts interdisciplinary research groups from other departments.
CHTM: a building of $14M, with approximately 60,000 square-feet, provided in 1997 by
the State and University of New Mexico. The building contains complete cleanroom and
laboratory facilities for advanced research in photonics, optoelectronics, and
nanoelectronics, as well as related areas.

Fig.10: The OSE program is now located in PAIS and CHTM buildings.

PAÍS contains 2 lecture rooms of approximately 1000 square-feet each and an auditorium of
approximately 3500 square-feet, all of them equipped with complete audiovisual systems.
Furthermore, PAIS houses almost 3000 square-feet of laboratory space for teaching, equipped with
wide range of experimental setups mounted on high quality optical tables.
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CHTM houses 2 lecture rooms, each with approximately 1000 square-feet and equipped with
complete audiovisual systems.
Both buildings contain modern offices for the academic advisor, faculty, graduate students,
research scientists, and postdocs, as well as a variety of meeting rooms with complete audiovisual
systems.
Regarding the research facilities, PAÍS hosts about 7000 square-feet of word-class optics
laboratories. The major pieces of research equipment include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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Ultra-narrow 2-Watt continuous-mode tunable Titanium-Sapphire lasers: Coherent
MBR-110; and Coherent 899 ring laser
Several CW narrow-band (<10kHz) tunable external-cavity diode laser systems.
Atomic frequency reference cells for laser-frequency stabilization.
Vacuum systems, pumps, cambers and low scattering vacuum glass cells for laser
cooling and trapping of atoms and atomic traps.
FPGA-based High-bandwidth DAQs and control for real-time quantum feedback.
High detection efficiency avalanche photodiode single-photon detectors.
Coincidence counters and photon-detection analyzers both commercial and developed
in the laboratory based on FPGAs.
High-bandwidth arbitrary waveform generators.
High-bandwidth oscilloscopes and data acquisition systems.
High-accuracy voltmeters for absolute power calibration.
Spatial-light modulators with high phase stability and diffraction efficiency
(Hamamatsu).
High-bandwidth fiber-coupled phase and intensity modulators at 633 nm and 852 nm.
Wavemeter with 30MHz absolute accuracy with range from visible to infrared (Bristol
621).
Optical Fabry-Perot spectrometer and laser-linewidth measurement setup.
Trap detector for absolute power measurements calibrated using NIST standards.
Low-noise and high-bandwidth detectors and differential detectors.
Femtosecond pulse oscillators and amplifier.
Q-switched and seeded Nd;YAG laser with harmonic generators.
Multiple spectrometers and microscopes.
Pulse shaper Silhouette
He-free pulse tube refrigerator and optical cryostat (2K).
Digital lock-in amplifiers up to 100 MHz.
10 W fiber laser and amplifier.
ZnSe mid IR laser.
Several CW and mode-locked Ti:Sapphire lasers in the 700-1100 nm wavelength range.
1 kHz regenerative amplifier with 3 mJ pulse energy and 30 fs pulse width.
Several high power fiber lasers at 1020 nm (50 W) and 1070 nm (500 W).
Tunable high power ~1030 nm Yb disk laser (30 W).
Several 532 nm DPSS lasers (5-18 W).

•

Several laser diodes from the UV (405 nm), though the visible and near IR (1550 nm),
including high-power fiber-coupled pump lasers at 808 nm (25-400 W), and a CW OPO
in the 2-3 mm range.
Custom vacuum chambers for low temperature measurements, in liquid nitrogen or
closed-cycle helium cryostats (with associated vacuum pumps and temperature
controllers), all with optical access.
Several CCD-line spectrometers, monochromators, scanning Fabry–Pérot
interferometers, and FTIRs, covering a wavelength range from the UV to the long-wave
IR.
A wet lab with refrigerators, vortexer, desktop centrifuge, and 37 C plate warmer, a
nanodrop absorption spectrometer, incubator, fume hood, refrigerator, -20 C freezer, pH
meter, digital balance, chemical storage cabinet, centrifuge, and other laboratory
supplies.
A custom assembled total internal reflectance fluorescence (TIRF) microscope setup:
Olympus IX71 inverted microscope, Andor iXon 897 EMCCD, 3D piezo nano-stage
and four excitation lasers: 405 nm (15 mW), 488 nm (100 mW), 561 nm (100 mW) and
635 nm (100 mW).
A custom built high-speed hyperspectral microscope: Olympus IX71 inverted
microscope, Andor Zyla 4.2+, 3D piezo nano-stage, 488 nm laser (40 mW) and custom
built spectrometer.
A high-speed, two-color SPT tracking system: Olympus IX71 inverted microscope, 2X
Andor iXon 860 EMCCDs, and laser excitation sources 532 nm (200 mW) 638 nm (100
mW).
A general prototyping microscope: MadCity Labs piezo objective positioner, 3D piezo
nano-stage, Andor Luca EMCCD, dedicated laser excitation (others brought with fiber)
of 405 nm (50 mW), 635 nm (25 mW) and custom optics.
A custom, high-speed 3D epi-fluorescence microscope: 3 axis positioner with z-axis
piezo stage, Hamamatsu Orca Flash 4.0 sCMOS camera, 647 nm excitation (500 mW),
and custom scanning optics.
A custom-built Raman imaging light-sheet microscope: Custom dual-objective design
with 3.74mm WD, 0.67 N.A., 28.6x water objective (Special Optics) for excitation and
1.43-2.04 mm WD, 1.1 N.A., 25x apochromat water immersion objective (Nikon) for
detection. Hamamatsu ORCA-Fusion Gen-III sCMOS camera, 785 nm (70mW) and 635
nm (5mW) laser excitation, Nano-F200W piezo objective lens positioner, galvanometer
mirror scanning, custom built spectrometer (in development).
Several objectives including: 150X 1.45 NA TIRF, 100X 1.48 NA TIRF, 60X 1.4 NA
Oil, two 60X 1.2 NA Water, 1.3 NA Si.
ConOptics laser stabilizer.
Coolsnap HQ2 low light CCD camera.

•
•
•

•

•
•
•
•
•

•
•
•

Similarly, CHTM contains word-class laboratory space totaling 20000 square-feet. The major
research equipment includes:
•
•

1 MOCVD reactors dedicated to GaN-based materials growth.
4 MBE reactors, including a new VEECO-Gen10 for Sb/As growth, V80 for As growth,
and a double headed V80 for Sb based materials.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

•
•

•

Optical and field-emission scanning electron microscopes.
Transmission electron microscopy (on-campus).
Hall mobility measurement, C-V profiling and complete DLTS.
Photoluminescence (300K to 4K), Raman scattering and confocal photoluminescence.
Philips double and triple crystal X-Ray rocking curves.
Research atomic force microscope (Thermo).
Near Field Scanning Optical Microscope (Nanonics).
Nicolet FTIR and Cary Spectrophotometer.
Laser sources for imaging interferometric nanolithography including: Ar-ion (364/352
nm), YAG (3rd, 4th, and 5th harmonic), and an intracavity doubled Ar-ion (257 nm).
Two experimental precision-stage lithography systems as well as a number of bench setups.
Research-grade optical scatterometer, consisting of multiple-wavelength (633 nm – 325
nm) illumination, multiple-axis sample stage to provide full measurement capability of
periodic structures having linewidths down to sub-0.05 µm.
Mid infrared imaging characterization and application (MICA) for radiometric testing of
single pixel detectors and infrared focal plane arrays.
Confocal microscopy and photoluminescence with submicron resolution.
Femtosecond spectroscopy set up from 0.8-2.5 µm.
Cryogenic optical and magneto-optical characterization.
THz characterization using photogeneration from Ti:sapphire and semiconductor source.
Ultrafast optical measurements for analysis of coherence in quantum dots.
High speed digital sampling to 50 GHz and microwave spectrum analyzer to 40 GHz.
Silica glass optical fiber draw tower.
Low temperature polymer fiber draw tower under construction.
Scanning Electron Microscope; Model: JSM-IT100; Small gold coater; Secondary electron
measurement, Backscattered electron measurement, EDS (for measuring material chemical
elements), EBIC (for mapping current flow through conductors), and a beam blocker (for
measuring/controlling the beam current).
ICP plasma etcher; PlasmaTherm Apex SLR ICP; shuttle lock load on both, computer
controlled.
X-ray Diffraction measurement tool (XRD); Malvern Panalytical Empyrean 2; Allows for
measurement of semiconductor crystal orientations, thin film measurements, and material
composition assessments; X-ray optics: Bragg-Brentano, High Resolution
Monochromator, Mybrid Monochromator, Parallel x-ray mirror.
MPMS3 (Magnetic Property Measuring System) by Quantum Design provides the
sensitivity of a SQUID (Superconducting QUantum Interference Device) magnetometer
and the choice of multiple measurement modes. Specific features include a 7 Tesla Magnet,
700 Oe/sec maximum ramp rate, 300 to 1.8 K in 25 min. (typical), software controls for
the temperature and magnetic field readily enable the automation of complex data
acquisition procedures, and cryogen free installation and maintenance.

Furthermore, CHTM houses a 3500 square-foot cleanroom with four bays and associated service
chases:
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•
•
•
•

The first bay is designated for photolithography rated at class 100. Housed in this bay are
two UV Karl Suss MJB-3 mask aligners, two spinner stations, a develop bench, several
ovens for photoresist baking, a metal lift-off station, and two solvent benches.
The second bay houses an acid and a base wet bench, an Alpha Step D-100 contact
profilometer, two Technics reactive ion etchers, a rapid thermal processor, an RTA, and an
O2 plasma descummer.
The third bay is dedicated to two e-beam evaporators and one thermal evaporator plus a
Plasmatech Reactive Ion Etcher using CF4, CHF3, SF6 and N2 for process gases.
The fourth bay has a Plasmatherm ICP etcher utilizing Cl, BCl3, H2, Ar, and N2 process
gases.

In addition to all of these research facilities, the OSE students and faculty have access to machine
and electronic shops, as well as to the Center for Advanced Research Computing (CARC), which
provides state-of-the-art computation facilities and the necessary technical support at no cost. The
resources provided by CARC include more than 3000 CPU cores and 92k GPU cores spanning a
variety of distributed and shared-memory architectures that provide up to 80 teraflops of
computing performance.

9B: Future Space Needs
With the completion of PAIS in Fall 2019, together with the facilities at CHTM, the OSE program
has sufficient facilities to accomplish its educational and research missions for the foreseeable
future.
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Conclusion. Strategic Planning
Conclusions: The OSE program at UNM has had a tremendous run of success since the previous
APR process. The program has become the most prominent interdisciplinary program at UNM
with world class faculty, graduate students and infrastructure.
The OSE curriculum has improved to include a broader range of topics thus allowing the program
to cover optics and photonics in a very comprehensive manner. These improvements provide
students with both an excellent foundation while also covering more contemporary research topics.
The program has been assessed periodically with the inputs from the process leading to continuous
improvement. The program also has a very strong advisement and student support system leading
to higher morale, retention and graduation rates. The program is rolling out its own course prefix
which will allow for better recognition of OSE courses.
The OSE program has worked with CHTM, ECE and P&A to recruit the best faculty in optics and
photonics. The program has also worked to make its faculty more diverse. The issue of not having
female faculty is being addressed through strategic hiring. The faculty continue to raise funds at
an excellent rate and have been very productive in scholastic activities. The faculty have also taken
part in extensive service activities, both in the optics/photonics community as well as within the
university itself.
The program’s senior administrator is now supported by the OSE operation budget. The presence
of an experienced administrator, Doris Williams, has allowed the program to maintain a high
quality of recruitment and retention of students.
The OSE budget has benefited from the influx of differential tuition funds which has allowed the
program to address several budgetary concerns raised in the previous APR visit.
The OSE program has now moved into the state-of-the-art PAIS facility, thus giving it a physical
presence and laboratory infrastructure. There are extensive facilities at OSE’s disposal at PAIS
and CHTM.
Strategic planning – the “Institute for Photonics and Quantum Technology (IPaQT)”
initiative
The strategic vision for the future of OSE is the creation of the Institute for Photonics and Quantum
Technology – IpaQT. The formation of the proposed “Institute,” followed up by an aggressive
public relations campaign, can provide substantial benefits to UNM that include (a) enhanced
national and international visibility and reputation, (b) ability to attract high caliber faculty and
students, (c) increased prospects for federal funding for large centers/programs, (d) potential rise
in its national ranking (e.g., US News and World Report or NRC Report), and (d) increased,
higher-quality, more domestic graduate student enrollment in the long term. These benefits
leverage one another, intertwined as they are. Despite its impressive statistics, the OSE program
at UNM lacks a dedicated organizational structure that could help drive it to achieve the status of
a local and national force in the community of national and federal labs committed to advancing
an O&P based national priority. Its full institutionalization, as anticipated through the creation of
IPaQT, is expected to obviate the need for the program Chairs to meet with new administrators
(such as newly-hired deans in Engineering, A&S and OGS) just to introduce this program in every
cycle.
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With a modest annual operating budget of $73K (provided by A&S, SoE, OGS, and supplemented
by ECE, P&A and CHTM), which includes the salary of a program coordinator, this program has
managed to be successful primarily due to the dedication of its faculty to education and research.
During these last two decades, however, many of our peer institutions who started with similar
programs have moved on to establish Schools or Colleges of Optics and/or Photonics with vast
resources at their disposal. Such major transformations were made possible not only due to a strong
institutional commitment but also a strong mandate and financial support from their state
legislature. However, we do not seek nor wish to pursue the formation of a separate College.
Rather, we propose to establish an interdisciplinary educational “Institute” that aims at bringing
OSE degree programs, ECE’s OE concentration, and P&A’s Bachelors of Science degree with
Photonics concentration, as well as the Biophotonics program (in Physics) under a single, visible
and prominent umbrella with a distinctive name, the Institute for Photonics and Quantum
Technologies (IPaQT). This Institute, while maintaining its strong connections with CHTM, will
further strengthen its affiliation with CQuIC and other related centers of excellence at UNM.
IPaQT would not be a mere re-branding or face-lift of the OSE program and the OE concentration
in ECE, but the increased visibility and added formal structure would facilitate the following
activities, benefits, and characteristics that are presently much harder to achieve:
1. The presence of an Institute could offer new opportunities for much needed and wellcoordinated public relations, advertisement, student recruitment, and funding campaigns
for these programs on the national scene. In view of the ongoing upheaval in the US
immigration policies and the fact that a major fraction of our current OSE graduate students
are international, the formation of IPaQT would be a timely and critical tool to energize
our domestic recruitment.
2. The current OSE seminar and Distinguished Lecture series could expand to include one or
more IPaQT-hosted annual O&P conferences in key topical areas, as they develop and
strengthen, to increase the national prominence of UNM’s overall O&P enterprise.
3. IPaQT could offer fee-based workshops, short courses, online courses, and certificate
programs as needed to expand the compass of its activities, while bringing in vital external
resources to fund its growth.
4. All of the above activities are most effectively accomplished under the structure and label
of an Institute, rather than the current label of a mere program.
5. As an important side benefit, we also hope to establish a more centralized reporting
mechanism. The Institute’s Director would report directly to OGS Dean while maintaining
an Internal Executive (or Advisory) Committee consisting of our major stake-holders,
including the A&S and SoE Deans, Office of the Provost, OVPR, ECE and P&A
department chairs, and CHTM director.
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Appendix
OSE Awards and Honors by the OSE
Faculty

OSA
Fellows

SPIE Fellows

APS Fellows

IEEE Fellows

S. Brueck

R. Jain

C. Caves

A. Mafi

A. Mafi

I. Deutsch

S. Brueck
S. Brueck
C.
Christodoulou C. Caves

J.C. Diels
R. Epstein

M. Osinksi

J. Matthews
E. Schamiloglu

R. Jain
M. Osinski
S. Prasad
W. Rudolph
M. SheikBahae
TOTAL: 9

Total: 3

Total: 4

Summary of OSE
Faculty Awards and
Honors:

24 Fellows: OSA,
APS, IEEE, SPIE, &
AAAS
1 Member of the National
Academy of Inventors
5 UNM
Distinguished
Faculty Members
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AAAS
Fellows

Member of
National
Academy
of
Inventors

Named UNM
Distinguished
Faculty
Member

S. Brueck

S. Brueck
M. Osinski
M. SheikBahae
E.Schamiloglu

R. Jain
M. Osinski
E.
Schamiloglu

Total: 5

V. Kenkre

Total: 2

Total: 1

Total: 5

APPENDIX A: FACULTY CV
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Victor M. Acosta
Assistant Professor,
Dept. of Physics & Astronomy, Center for High Technology Materials
University of New Mexico,
1313 Goddard St. SE, Albuquerque, NM 87106
victormarcelacosta@gmail.com
Lab webpage: https://sites.google.com/site/victormarcelacosta/
Current Position
2015 (Fall)-

Assistant Professor of Physics, Center for High Technology Materials, University of New
Mexico, Albuquerque, NM, USA.

Previous Position
2013-2015

Research scientist, Google [x] Life Sciences (now Verily), Mountain View, CA

Postdoctoral research
2011-2013

Postdoctoral researcher, HP Labs, Palo Alto, CA

Education
2011
2004

Ph.D. in Physics, UC-Berkeley. Advisor: Professor Dmitry Budker. Thesis
B.S. in Physics, Augsburg College, Minneapolis, MN.

Awards
2020
2019
2018
2017
2017
2014
2011
2004-07
2004-05
2003-04

NSF CAREER Award (CHE, CBET)
Cottrell Scholars Award
NIH NIBIB Trailblazer Award for New and Early Stage Investigators
Beckman Young Investigator Award
Google VR Faculty Research Award
Augsburg College First Decade Award
MRS Graduate Student Award (Silver medal)
Ford Predoctoral Fellowship
GEM Ph.D. Science Fellow (Intel Corp.)
Barry Goldwater Scholarship

Publications as Assistant Prof. at UNM (2016-) *equal contribution. Complete list at Google Scholar
1. I. Fescenko, A. Jarmola, I. Savukov, P. Kehayias, J. Smits, J. Damron, N. Ristoff, N. Mosavian,
V. M. Acosta, "Diamond magnetometer enhanced by ferrite flux
concentrators." arXiv:1911.05070 (2019).
2. Y. Silani*, F. Hubert*, V. M. Acosta, "Stimulated emission
depletion microscopy with diamond silicon vacancy centers."
ACS Photonics, 6 2577 (2019).
3. M. D. Aiello*, A. S. Backer*, A. J. Sapon, J. Smits, J. D.
Perreault, P. Llull, V. M. Acosta, "Achromatic varifocal metalens
for the visible spectrum."
ACS Photonics, 6, 2432 (2019)
4. J. Smits*, J. Damron*, P. Kehayias, A. F. McDowell, N. Mosavian,
N. Ristoff, I. Fescenko. A. Laraoui, A. Jarmola, V. M. Acosta,
"Two-dimensional nuclear magnetic resonance spectroscopy with
a microfluidic diamond quantum sensor."
Science Advances 5 eaaw7895 (2019).
-featured in phys.org and UNM Newsroom
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5. A. Jarmola, I. Fescenko, V. M. Acosta, M. W. Doherty, F. K. Fatemi, T. Ivanov, D. Budker, V. S.
Malinovsky, "Robust optical readout and characterization of nuclear spin transitions in nitrogenvacancy ensembles in diamond." arXiv:2001.00109 (2019).
6. T. Lutz, T. Masuda, J. P. Hadden, I. Fescenko, V. M. Acosta, W. Tittel, P. E. Barclay, "Influence of
nanostructuring on silicon vacancy center spins in diamond nanopillars." arXiv:1908.01525 (2019).
7. Y. Dumeige, J.-F. Roch, F. Bretenakar, T. Debuisschert, V. M. Acosta, C. Becher, G. Chatzidrosos, A.
Wickenbrock, L. Bougas, A. Wilzewski, D. Budker, "Infrared laser magnetometry with a NV doped
diamond intracavity etalon,"
Optics Express 27,1706-1717 (2019).
8. I. Fescenko, A. Laraoui, J. Smits, N. Mosavian, P. Kehayias, J. Seto, L. Bougas, A. Jarmola, V. M.
Acosta, "Diamond magnetic microscopy of malarial hemozoin nanocrystals."
Physical Review Applied 11, 034029 (2019).
9. V. M. Acosta, L.-S. Bouchard, D. Budker, R. Folman, T. Lenz, P. Maletinsky, D. Rohner, Y. Schlussel,
L. Thiel, "C
c
a
a
b
c
c
.
J Supercond Nov Magn (2018).
10. P. Kehayias*, A. Jarmola*, N. Mosavian, I. Fescenko, F. M. Benito, A. Laraoui, J. Smits, L. Bougas, D.
Budker, A. Neumann, S. R. J. Brueck, V. M. Acosta, "Solution nuclear magnetic resonance
spectroscopy on a nanostructured diamond chip."
Nature Communications 8, 108 (2017).
11. J. M. Higbie, J. D. Perreault, V. M. Acosta, C. Belthangady, P. Lebel, M. H. Kim, K. Nguyen, V.
Demas, V. Bajaj, C. Santori, "Multiphoton-Excited Fluorescence of Silicon-Vacancy Color Centers in
Diamond."
Physical Review Applied 7, 054010 (2017).
12. A. Jarmola, Z. Bodrog, P. Kehayias, M. Markham, J. Hall, D. J. Twitchen, V. M. Acosta, A. Gali, and
D. Budker, "Optically Detected Magnetic Resonances of Nitrogen-Vacancy Ensembles in 13C Enriched
Diamond."
Physical Review B 94, 094108 (2016).
13. A. Wickenbrock, H. Zheng, L. Bougas, N. Leefer, S. Afach, A. Jarmola, V. M. Acosta, D. Budker,
"Microwave-free magnetometry with nitrogen-vacancy centers in diamond."
Applied Physics Letters 109, 053505 (2016).
14. E. E. Kleinsasser, M. M. Stanfield, J. K.Q. Banks, Z. Zhu, W.-D. Li, V. M. Acosta, H. Watanabe, K. M.
Itoh, K.-M. C. Fu, "High density NV sensing surface created via He + ion implantation of 12C diamond."
Applied Physics Letters 108, 202401 (2016).
15. K. Heshami, D. G. England, P. C. Humphreys, P. J. Bustard, V. M. Acosta, J. Nunn, B. J. Sussman,
Quantum memories: emerging applications and recent advances.
Journal of Modern Optics, DOI: 10.1080/09500340.2016.1148212 (2016).
External research support at UNM (2016-)
1. NSF CAREER Award, CHE-1945148. 3/01/2020 2/28/2025. Notice of intent to award received.
CAREER: Picoliter nuclear magnetic resonance spectroscopy with diamond. R : PI.
2. Cottrell Scholars Award, 07/01/2019 06/30/2022.
H
a a
a
c
c a
a
c
a c
aca c c
a
. R : PI.
3. Beckman Young Investigator Award, 09/01/2017 08/30/2021.
Ma
c
a c
c
c
a a
c . R : PI.
4. NSF DMR #1809800, 09/01/2018 08/31/2021.
Ob c
-first sorting and time resolved diamond magnetic microscopy of superparamagnetic
nanoparticles. Role: PI.
5. NIH NIBIB Trailblazer Award R21EB027405-01, 09/20/2018 06/30/2021.
S
c
a
c c c
c
aa a
c
b . R : PI.
6. DOE LDRD Academic Alliance, 11/01/2018 - 10/31/2021.
Diamond Quantum Sensing. R : PI.
7. NIH R01 EB25703-01, 09/15/2017 09/14/2020.
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8.
9.
10.
11.
12.
13.
14.
15.

CRCNS: M c
a
/
a
a
a
a
.R :
co-I. (PI: I. Savukov, New Mexico Consortium).
NSF MRI #CHE-1828744, 08/01/2018 - 07/31/2021.
MRI: Acquisition of a Magnetic Property Measurement System (MPMS). R : c -PI. (PI: M.
Kirk, UNM).
NIH R41 GM130239-01, 09/01/2018 - 08/31/2019. Completed
Mc
c Da
NMR
. R : c -PI. (other co-PI: A. Jarmola, ODMR Technologies).
Google Daydream University Research Award, 06/01/2018 05/30/2019. Completed
T ab
b-micron thick metasurfaces fo VR/AR
a . R : PI.
NIH R41 MH115884-01, 09/01/2017 08/30/2018. Completed.
D c a
c c a ac
a
a a
a c
a
c a
.
Role: co-PI. (other co-PI: A. Jarmola, ODMR Technologies)
Google Faculty Research Award, 06/01/2017 05/30/2018. Completed.
N a
a a
a
a
c . R : PI.
NNSA/Los Alamos National Lab, 02/01/2017 12/30/2017. Completed.
Da
N c a Q a
R
a c . R : PI.
NIH R41 GM119925-01, 09/01/2016 - 08/31/2017. Completed.
Na
c
aa a
c
a c
ba
a
a
c :a
tool for biomarker monitoring. R : c -PI. (other co-PI: A. Jarmola, ODMR Technologies)
NSF STTR Phase I, IIP-1549836, 01/01/16 - 12/31/16. Completed.
STTR Phase I: Nanophotonic magnetic-resonance spectrometer for chemical trace analysis.
Role: co-PI. (other co-PI: A. Jarmola, ODMR Technologies)

Invited Presentations as Assistant Prof. at UNM
Feb 2020
UC Riverside Physics & Astronomy colloquium, Riverside, CA
Dec 2019
UTEP Physics seminar, El Paso, TX
Nov 2019
USC Physical Chemistry seminar, Los Angeles, CA
Oct 2019
Washington U. Condensed Matter seminar, St. Louis, MO
Oct 2019
UC Irvine Physics seminar, Irvine, CA
Sep 2019
ZULF consortium meeting, York, UK
Aug 2019
Molecular Foundry Users meeting, Berkeley, CA
Aug 2019
Beckman Symposium, Irvine, CA
Jul 2019
Cottrell Scholars meeting, Tucson, AZ
Oct 2018
APS 4 Corners meeting, Salt Lake City, UT
Sep 2018
CINT User Meeting, Santa Fe, NM
Jul 2018
Rocky Mountain EPR Conference, Snowbird, UT
Jan 2018
SPIE Photonics West, San Francisco, CA
Jul 2017
IFSC Workshop on Topological Quantum Phenomena and QIS, Sao Carlos, Brazil
May 2017
AFRL atomic physics seminar, Albuquerque, NM
Apr 2017
Beckman Center, Irvine, CA
Apr 2017
MRS Spring Meeting, Phoenix, AZ
Feb 2017
SPIE Photonics West, San Francisco, CA
Nov 2016
IQSE Seminar, Texas A&M, College Station, TX
Nov 2016
ACS Southwest Meeting, Galveston, TX
Sep 2016
NMR^2 Conference, Albuquerque, NM
Feb 2016
SPIE Photonics West, San Francisco, CA
Nov 2015
Sandia National Labs Atomic Physics group, Albuquerque, NM
Sep 2015
Quantum UK Workshop 2015, Oxford UK
Sep 2015
Photonics seminar, Humboldt University, Berlin, Germany
Invited Presentations delivered by UNM trainees
Feb 2020
Max Aiello: SPIE Photonics West, San Francisco, CA
Jul 2019
Yaser Silani (Corbett Prize finalist award): ICDS meeting, Seattle, WA
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Jul 2019
May 2019
Mar 2018
Apr 2018
Mar 2018
Jul 2017
Jul 2017
Apr 2017
Mar 2017
Jul 2016
Jul 2016

Joshua Damron (SharedEPR travel grant): Rocky Mountain EPR meeting, Denver, CO
Janis Smits (Best student talk award): Diamond Photonics Meeting, Basel Switzerland
Ja
S
(O
R a
a a ): I
C
P
c ,V
,L
a a
Nazanin Mosavian (graduate student travel award): ENC Conference Orlando, FL.
Janis Smits (graduate student travel award): APS March Meeting
Yaser Silani (graduate student travel award): PRACQSYS workshop, Seattle, WA.
Abdelghani Laraoui: ISMAR Conference, Quebec City, Canada.
Abdelghani Laraoui: NMR^2 Meeting, Albuquerque, NM.
Janis Smits (Student travel stipend): Experimental NMR Conference (ENC), California.
Nazanin Mosavian (Jack E. Crow Travel Grant), Rocky Mtn SSNMR, Breckenridge, CO
Ilja Fescenko (postdoc travel award): Rocky Mountain EPR symposium, Breckenridge, CO

Patents
1. J. M. Higbie, V. M. Acosta, V. S. Bajaj, V. Demas, K. Kam, " In-Vivo Magnetic Detection of Magnetic
Nanoparticles Using Microneedles." United States Patent 20190231264 (2019).
2. V. M. Acosta, J. M. Higbie, S. Sinha, E. Raphaeli, A. Homyk, J. D. Perreault, " Flexible nanophotonic
meta-optics." United States Patent 10338275 (2019).
3. S. Alla, J. D. Perreault, V. M. Acosta, S. A. Lee, " Systems and methods for optode imaging." United
States Patent 10159434 (2018).
4. V. M. Acosta, A. Jarmola, L. Bougas, D. Budker, "Magnetic resonance spectrometer." United States
Patent 15743527 (2018).
5. V. M. Acosta, J. J. Schwartz, R. N. Mirov, In vivo analyte detection system. United States Patent
20189936908 (2018).
6. J. S. Klein, V. S. Bajaj, V. M. Acosta, J. J. Schwartz, J. D. Thompson, Biosensor for in vitro
detection system and method of use. United States Patent 20189927442 (2018).
7. V. M. Acosta, B. Z
, O
b
c
. United States Patent 20179763607
(2017).
8. V. M. Acosta, J. Schwartz, V. Demas, V. S. Bajaj, J. D. Thompson, M. W. Askew, Na
a
c
. United States Patent 20179759719 (2017).
9. C.-H. Wu, V. M. Acosta, I. Peikon, P. Lebel, J. J. Schwartz, "Spectrally and spatially multiplexed
fluorescent probes for in situ cell labeling." United States Patent 20170176338 (2017).
10. V. Demas, V. S. Bajaj, J. M. Higbie, V. M. Acosta, M. B
a , C. B
a a , Ma
c
Na
a c D c
a S aa
b Ma
cR a a
T
. United States Patent
20170000375 (2017).
11. V. M. Acosta, V. Ga a a , Pa a
a
ab a a
c c
. United State Patent
20179535242 (2017).
12. E. Rephaeli, V. M. Acosta, A. Homyk, "Nanophotonic Hyperspectral/Lightfield Superpixel Imager."
United States Patent 20160353039, (2016).
13. V. S. Bajaj, V. Demas, V. M. Acosta, J. M. H b , J. D. P
a , W a ab
a nostic platform
c a
c
c
a
c a
a c
. United States Patent
20160296145, (2016).
14. V. M. Acosta, A. Backer, J. D. Perreault, E. Peeters, D. P. Piponi, H -throughput hyperspectral
a
a
ca
c
. United States Patent 9395293, WIPO:
WO/2016/115018, (2016).
15. J. D. Thompson, V. S. Bajaj, V. M. Acosta, T. L. T , M
c
ca
b
ca
. United States Patent 20150382105, (2015).
16. V. M. Acosta, V. S. Ba a , J. D. T
, E. P
, M
a
a
c
ab
a
c a
a c . United States Patent 20150377865, (2015).
17. V. M. Acosta, V. S. Bajaj, A. Homyk, E. Peeters, J. D. Thompson, S c -Vacancy-Doped
Na
a
M c a a C
a I a
. United States Patent 20150238125, (2015).
18. A. Homyk, V. M. Acosta, V. S. Bajaj, E
Pa c
P a a
C
a a A
C
E a c I a
. United States Patent 20150238636, WIPO:WO/2015/126722, (2015).
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19. C. M. Santori, K.-M. C. FU, A. Faraon, V. M. Acosta, Z. Huang, R. G. Beausoleil, E a
c . United States Patent 20130107253, (2013).
20. C. M. Santori, A. Faraon, K.-M. C. Fu, V. M. Acosta, Z. Huang, L. H. Thylen, R. G. Beausoleil,
Q a
ca
c . United States Patent 20130107352, (2013).
21. D. C. Hovde, D. Budker, J. Higbie, V. M. Acosta, M. P. L b
, Pulsed Free Induction Decay
Nonlinear Magneto-Optical Rotation Apparatus. United States Patent 8421455, (2013).
Book Chapter and Selected Conference Proceedings
2013
V. M. Acosta, D. Budker, P. R. Hemmer, J. R. Maze, and R. Walsworth, Optical
magnetometry with nitrogen-vacancy centers in diamond. Chapter in Optical
Magnetometry, edited by D. Budker and D. F. Jackson-Kimball, Cambridge Press.
2011
V. M. Acosta, E. Bauch, L. J. Zipp, A. Jarmola, M. P. Ledbetter, and D. Budker,
Broadband magnetometry by infrared-absorption detection of diamond NV centers and
associated temperature dependence. Proceedings of SPIE, 7948, 79480W.
Recent Synergistic Activities
2011-present Referee for NSF (DMR, GRFP, IIP, PHY), NIH (EBIT, CMT, IPCA, IRCN), DOE (BES,
CINT), Austrian Science Fund, Netherlands OSR, and EU QuantERA. Referee for Nature
Physics/Photonics/Nanotechnology/Materials/Electronics/Communications/Sci. Rep./LSA,
Physical Review Letters/A/B/X/Applied/Research, APL/JAP/AIP Advances/APL Express,
Nano Letters/ACS Nano, New J. of Phys., Chem Reviews, Optica/Optics Express/JMO, etc.
2016-present Mentor for New Mexico High School student (Patrick Armenta), undergraduates (McNair
Scholar Bryan Rubio, Aryeh Sapon), 7 PhD students, 4 postdocs, 1 research professor.
2018-present External mentor for Zero-to-Ultra Low Field (ZULF) Integrative Training Network.
2014-2016
Guest Editor, Journal of Modern Optics Focus Issue on Quantum Memory
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Ladan Arissian
Present position

Associate Research Professor at the
Center for High Technology Materials
University of New Mexico,
Center for High Technology Material

Employment
Jan 2010- Sep 2017
Jan 2008- Jan 2010
Jan 2008- Jan 2010
Dec 2007- Jan 2008
Sep 2002- Dec 2007

Assistant Research Professor
Visiting worker
Research Associate
Research Scientist II
Research Scientist I

Department of ECE, UNM, NM
National Research Council of Canada, Ottawa
Texas A&M University, College Station TX
Center of High Technology Material
Center of High Technology Material

Educational Information
Date
May 2000
May 1996
Nov 2006

Institution
Shahid Beheshti University, Tehran
Sharif University of Technology, Tehran
University of New Mexico, Albuquerque

Degree
MS Condensed Matter
BS Applied Physics
Ph.D Optical Science

Advisor
Farshad Ebrahimi
Jean-Claude Diels

Awards
1. 2007 Physics Department prize for best thesis on “Dark line resonance in 87Rb due to coherent interaction with mode-locked lasers”
2. 2007 Recipient of K-State’s J.R. Macdonald Fellowship
3. Winner of the 2013 CHOICE Award for Outstanding Academic Title for Laser: The power and precision
of light

Publications
1 book, 4 Book Chapters, 7 Patents, 37 refereed papers, 45 invited presentations at conferences, 65 Conference
papers.
5 Selected Publications most related to this proposal
1. Hendrie16 James Hendrie and Matthias Lenzner and Hanieh Akhamiardakani and Jean-Claude Diels and
Ladan Arissian, Impact of resonant dispersion on the sensitivity of intracavity phase interferometry and
laser gyros Optics Express, 24: 30402–304010 (2016).
2. Koji Masuda, James Hendrie, Jean-Claude Diels and Ladan Arissian, Envelope, group and phase velocities in a nested frequency comb J. Phys. B., 49:085402–085411 (2016).
3. Hanieh Afkhamiardakani, Brian Kamer, Jean-Claude Diels, and Ladan Arissian, Carbon nanotubes for
mode-locking: polarization study, SPIE 9746-19, (2016).
4. Ladan Arissian and Jean-Claude Diels, Intracavity Phase Interferometry: frequency combs sensor inside
a laser cavity Laser Photonics Review 8: 799–826 (2014).

1

5. Ladan Arissian and Jean-Claude Diels, Investigation of Carrier to Envelope Phase and repetition rate
— fingerprints of mode-locked laser cavities Journal of Physics B, At. Mol. Opt. Phys. (PhD Tutorial
series), 42:183001 (2009).
Other Selected Publications
1. Andreas Schmitt-Sody, Ladan Arissian, Andreas Velten, Jean-Claude Diels, and Dave Smith. Rabi
cycling of two pulses in a mode-locked ring laser cavity with electro-optical control. Physical Review,
78:063802 (2008)
2. Andreas Schmitt-Sody, Koji Masuda, Andreas Velten, Ladan Arissian and Jean-Claude Diels”, “Optical
magnetic field detection by Intracavity Phase Interferometry”, Proceedings of the 17th International
Conference on Ultrafast Phenomena (UP 2010): pg 39, Snowmass, CO (2010)
3. Ladan Arissian and Jean-Claude Diels,“ Carrier to envelope and dispersion control in a cavity with prism
pairs”, Physical Review A 75: 013814 (2007)
4. Ladan Arissian and Jean-Claude Diels Mode-Locked lasers Encyclopedia of Modern Optics II, Elsevier
(in press).
5. L. Arissian, C. Smeenk, F. Turner, A. Staudte, A. Sokolov, D. Villeneuve, and P. Corkum, “Direct test of
laser tunneling with electron momentum imaging”, Physical Review Letters 105: 133002 (2010).

Synergistic Activities
• Publication of a book for laymen, entitled: “Lasers: The Power and Precision of Light” (Wiley, 2011,
200 pages, ISBN-13: 978-352741039). The book explains in simple terms for any laser user the basic
principles, and the applications in all fields (physics, engineering, medical, supermarket, music, forestry,
biology, atmosphere, etc . . . ). It is attempting to link the properties of the laser beam and any particular
application, in terms that can be understood by the user.
• Organized an international Workshop in Santa Fe, October 5 2012, on “Filament Science”, (50 participants, 10 international) to assess the state of the research on high power optical filaments in the US, as
compared to other countries.
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F. Biographical Sketch
Viktoriia Babicheva
Asst. Prof.
Department of Electrical and Computer Engineering
University of New Mexico
1 University of New Mexico, Albuquerque, NM 87131-0001
vbb@unm.edu, (505) 277-2436
(a) Professional Preparation
Moscow Institute of Physics and
Technology
Moscow Institute of Physics and
Technology
Technical University of Denmark
Georgia State University, Postdoc
University of Arizona, Postdoc

Russia

Applied Mathematics & Physics

B. Sc., 2007

Russia

Applied Mathematics & Physics

M. Sc., 2009

Denmark
Atlanta, GA
Tucson, AZ

Photonics Engineering
Nano-Optics
Optical Sciences

Ph.D., 2013
2015 – 2017
2017 – 2019

(b) Appointments
The University of New Mexico
Purdue University
Zuse Institute Berlin, Germany
Moscow Institute of Physics and Technology, Russia
Moscow Institute of Physics and Technology, Russia

Assistant Professor
Visiting Scientist
Visiting Scientist
Research Assistant
Teaching Assistant

2019 - present
2013 - 2014
2010
2009-2010
2007-2009

(c) Products – Selected Publications
(i) Five Relevant Publications:
1) V.E. Babicheva and J. Moloney, "Lattice Zenneck modes on subwavelength antennas," Laser &
Photonics Reviews 13, 1800267 (2019).
2) V.E. Babicheva "Transition metal dichalcogenide nanoantennas lattice," MRS Advances (2019).
3) V.E. Babicheva and J. V. Moloney, "Lattice resonances in transdimensional WS2 nanoantenna arrays,"
Applied Sciences 9, 2005 (2019).
4) V.E. Babicheva, S. Gamage, L. Zhen, S.B. Cronin, V.S. Yakovlev, Y. Abate, "Near-field Surface
Waves in Few-Layer MoS2," ACS Photonics 5, 2106 (2018).
5) V.E. Babicheva, "Lattice effect in Mie-resonant dielectric nanoparticle array under the oblique light
incidence," MRS Communications 8, 1455-1462 (2018).
(ii) Other Significant Publications:
1) V.E. Babicheva and A.B. Evlyukhin, "Resonant Lattice Kerker Effect in Metasurfaces with Electric
and Magnetic Optical Responses," Laser & Photonics Reviews 11, 1700132 (2017).
2) V.E. Babicheva, "Long-range propagation of plasmon and phonon polaritons in hyperbolicmetamaterial waveguides," Journal of Optics 19, 124013 (2017).
3) V.E. Babicheva, S. Gamage, M.I. Stockman, and Y. Abate, "Near-field edge fringes at sharp material
boundaries," Optics Express 25, 23935-23944 (2017).

F-1

4) V.E. Babicheva, R.Sh. Ikhsanov, S.V. Zhukovsky, I.E. Protsenko, I.V. Smetanin, and A.V. Uskov,
"Hot electron photoemission from plasmonic nanostructures: Role of surface photoelectric effect and
transition absorption," ACS Photonics 2, 1039-1048 (2015).
5) V.E. Babicheva, N. Kinsey, G.V. Naik, M. Ferrera, A.V. Lavrinenko, V.M. Shalaev, A. Boltasseva,
"Towards CMOS-compatible nanophotonics: Ultra-compact modulators using alternative plasmonic
materials," Optics Express 21, 27326-27337 (2013).
(d) Synergistic Activities
•

Co-organizer of 2015, 2017, 2018, 2020 Fall and 2017 – 2020 Spring MRS Meeting symposia,
including being a lead co-organizer for the three Spring symposia.

•

Program committee member on 2017 & 2018 CLEO conferences, FS3: Metamaterials and
Complex Media, and 2020 CLEO Pacific Rim, Symposium S2: Frontiers of Theoretical Optics
and Photonics.

•

Principal Editor of MRS Advances (2015 – present); Guest Editor for Special Issue in JOSA B
(2019); Guest Editor for Special Issue in Symmetry MDPI (2018-2019).

•

Participation in organizations and chapters: Women in Physics at Georgia State University (20152017, Vice President of the organization in 2016-2017), Inclusive STEM at Georgia State
University (2015-2017), SPIE Student Chapter at the Technical University of Denmark (20102013; Chapter Secretary in 2012).

•

Two-day tutorial on CST Microwave Studio software exploitation (15-20 participants), Purdue
University, November 2014.

F-2

Prof. Ganesh Balakrishnan
Center for High Technology Materials (CHTM), University of New Mexico (UNM)
1313 Goddard SE (MSC04 2710), Albuquerque, New Mexico 87106-4343
Tel. (505) 259-6412; Fax (505) 272-7801; Email: gunny@unm.edu

(a) Professional preparation
•
•
•
•

University of Madras, Chennai, India
University of Toledo, Toledo, OH
University of New Mexico, Albuquerque, NM;
University of New Mexico, Postdoc

Electronics & Communications
Electrical Engineering
Optical Science and Engg.
Semiconductor lasers

B.E., 2000.
M.Eng., 2000.
Ph.D., 2001.
2006 – 2007.

(b) Appointments
•
•
•
•
•
•
•

General Chair, Optical Science and Engineering, University of New Mexico, NM
Associate Director, CHTM; University of New Mexico, NM
Associate Chair, ECE, University of New Mexico, NM
Professor, ECE, University of New Mexico, NM
Associate Professor, ECE, University of New Mexico, NM
Assistant Professor, ECE, University of New Mexico, NM
Technical Director, Integrated nanomaterial core lab, CNSI, UCLA, CA

04/18 – present
04/18 – present
07/14 – 04/17
07/19 - present
07/14 – 06/19
09/08 – 07/14
07/07 – 09/08

(c) Products
Most Relevant Products:
1) A.R. Albrecht, T.J. Rotter, C.P. Hains, A. Stintz, J.V. Moloney, K.J. Malloy, and G. Balakrishnan,
“Multi-watt 1.25 µm quantum dot VECSEL”, Electron. Lett. 46, 856 - 857 (2010),
DOI:10.1049/el.2010.0849
2) A.R. Albrecht, C.P. Hains, T.J. Rotter, A. Stintz, K.J. Malloy, G. Balakrishnan, and J.V. Moloney,
“High power 1.25 µm InAs quantum dot vertical external-cavity surface-emitting laser”, J. Vac. Sci.
Technol. B 29, 03C113-1 - 03C113-4 (2011), DOI:10.1116/1.3555379
3) Y. Lai, J.M. Yarborough, Y. Kaneda, J. Hader, J.V. Moloney, T.J. Rotter, G. Balakrishnan, C.P. Hains,
S.W. Koch, "340-W Peak Power From a GaSb 2- m Optically Pumped Semiconductor Laser (OPSL)
Grown Mismatched on GaAs", Photonics Technology Letters, IEEE , vol.22, no.16, pp.1253-1255,
Aug.15, 2010. DOI: 10.1109/LPT.2010.2052596
4) J. M. Yarborough, Yi-Ying Lai, Yushi Kaneda, Jorg Hader, Jerome V. Moloney, T. J. Rotter, G.
Balakrishnan, C. Hains, D. Huffaker, S. W. Koch, and R. Bedford, “Record pulsed power
demonstration of a 2 µm GaSb-based optically pumped semiconductor laser grown lattice-mismatched
on an AlAs/GaAs Bragg mirror and substrate”, Appl. Phys. Lett. 95, 081112-1 - 081112-3 (2009).
DOI:10.1063/1.3212891
5) T.J. Rotter, J. Tatebayashi, P. Senanayake, G. Balakrishnan, M. Rattunde, J. Wagner, J. Hader, J.V.
Moloney, S.W. Koch, L. R. Dawson and D.L. Huffaker, “Continuous-Wave, Room-Temperature
1

Operation of 2-µm Sb-Based Optically-Pumped Vertical-External-Cavity Surface-Emitting Laser
Monolithically Grown on GaAs Substrates”, Appl. Phys. Express 2, 112102-1 - 112102-3 (2009).
DOI: 10.1143/APEX.2.112102
Other Significant Products:
1) G. Balakrishnan, S. Huang, T.J. Rotter, A. Stintz, L.R. Dawson, K.J. Malloy, H. Xu and D.L. Huffaker,
“2 µm emission from InAs quantum dashes grown on a GaAs substrate using AlGaAsSb metamorphic
buffers”, Appl. Phys Lett. 84, 2058-2060 (2004).
2) G. Balakrishnan, S. Huang, A. Khoshakhlagh, L.R. Dawson and D.L. Huffaker, “Mechanism for
Defect-free Growth of Highly-mismatched AlSb on Si” Appl. Phys. Lett. 86, 034105-1 - 034105-3
(2005).
3) S.H. Huang, G. Balakrishnan, A. Khoshakhlagh, A. Jallipalli, L.R. Dawson, and D.L. Huffaker, “Strain
Relief by Periodic Misfit Arrays for Low Defect Density GaSb on GaAs”, Appl. Phys. Lett. 88, 1319111 - 131911-1 (2006).
4) J. Tatebayashi, A. Jallipalli, M. N. Kutty, S. H. Huang, G. Balakrishnan, L. R. Dawson, and D. L.
Huffaker, “Room-temperature lasing at 1.82 µm of GaInSb/AlGaSb quantum wells grown on GaAs
substrates using an interfacial misfit array”, Appl. Phys. Lett. 91, 141102-1 – 141102-3 (2007).
5) Mehta, M., Balakrishnan, G., Huang, S., Khoshakhlagh, A., Jallipalli, A., Patel, P., Kutty, M.N.,
Dawson, L.R., and Huffaker, D.L.: ‘GaSb quantum-well-based "buffer-free" vertical light emitting
diode monolithically embedded within a GaAs cavity incorporating interfacial misfit arrays’, Appl.
Phys. Lett., 89, 211110-1 - 211110-3 (2006).
(d) Selected Synergistic Activities
•

Invited Organizer, Electronics Materials Conference, 2009 and 2010, Session Chair, Electronics
Materials Conference 2007, 2008, 2009, 2010 and 2011.

•

Session Chair, North American MBE conference, 2008 and 2010.

•

Area Chair for Optoelectronics at the Electrical and Computer Engineering Department at the
University of New Mexico.

•

Participant scientist at the NSF funded Portal to Public program at the Explora Science Museum in
Albuquerque.

•

Member of faculty senate general education core task force to establish a state wide core curriculum in
New Mexico.
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STEVEN R. J. BRUECK
Distinguished Professor, Emeritus, ECE and Physics & Astronomy,
Center for High Technology Materials,
University of New Mexico, 1313 Goddard SE, Albuquerque, NM 87106
(brueck@chtm.unm.edu)
Professional Preparation
Columbia University
Massachusetts Institute of Technology
Massachusetts Institute of Technology
Lincoln Laboratory, MIT
Appointments
2014-present
2001-present
2006-2014
1986-2013
1985-2006
1973-1985

University of New Mexico
LightPath Technologies
University of New Mexico
University of New Mexico
University of New Mexico
Lincoln Laboratory, MIT

Electrical Engineering
Electrical Engineering
Electrical Engineering
Quantum Electronics Gp.

B.S., 1965
S.M., 1967
Ph.D., 1971
Postdoc, 1971-1973

Distinguished Professor, Emeritus
Board of Directors
Distinguished Prof., ECE and P&A Departments
Director, Center for High Technology Materials
Professor, ECE and Physics Departments.
staff member, Quantum Electronics Group

Honors
Fellow: OSA, IEE, AAAS and NAI; UNM Presidential Award of Distinction 2013, STC Innovation Fellow 2010; Technology Top 40 Award, NM Business Weekly, 2009; Kreidl Memorial Lecturer, 2007;
IEEE Third Millenium Medal 2000; Research Excellence Award, College of Engineering UNM, 1991
Selected Products ( > 400 refereed journal articles and 65 US patents; H-index: 59; 13569 citations)
1. S.C. Lee, Y.-B. Jiang, M. T. Durniak, T. Detchprohm, C. Wetzel, and S.R.J. Brueck, Atomic-Scale
phase transition of epitaxial GaN on nanostructred Si(001): activation and beyond, Cryst. Growth
Des. 16, 2183-2189 (2016) DOI: 10.1021/acs/cgd/5b01845
2. S. C. Lee, J. H. Kang, Q. H. Park, S. Krishna and S. R. J. Brueck, Oscillatory penetration of nearfields in plasmonic excitation at metal-dielectric interfaces, Scientific Reports 6, 24400 (2016).
3. C-Y. Li, S. Liu, T-S. Luk, J. J. Figiel, I. Brener, S. R. J. Brueck and G. T. Wang, Intrinsic polarization control in rectangular GaN nanowire lasers, Nanoscale 8, 5682-5687 (2016).
4. S. C. Lee, N. Youngblood, Y.B. Jiang, E. J. Peterson, C.J.M. Stark, T. Detchprohm, C. Wetzel and S.
R. J. Brueck, Incorporation of indium on cubic GaN epitaxially induced on a nanofaceted Si(001)
substrate by phase transition, Appl. Phys. Lett. 107, 231905 (2015).
5. A. Neumann, J. Ghasemi, S. Nezhadbadeh, X. Nie, P. Zarkesh-Ha and S.R.J. Brueck, CMOScompatible plenoptic detector for LED lighting applications , Opt. Express 23, 23208 (2015).
Highly Cited Publications (source: Google Scholar June, 2016)
1. S. Zhang, W. Fan, N. C. Panoiu, K.J. Malloy, R.M. Osgood and S.R.J. Brueck, Experimental Demonstration of Near-Infrared Negative-Index Metamaterials, Phys. Rev. Lett. 95, 137404 (2005) (1229
citations).
2. R.A. Myers, N. Mukherjee and S.R.J. Brueck, Large Second-Order Nonlinearity in Poled Fused
Quartz, Optics Lett. 16, 1732-1734 (1991) (830 citations)
3. S. Zhang, W-J. Fan, K.J. Malloy, S.R.J. Brueck, N.C. Panoiu and R.M. Osgood, Near-Infrared Double-Negative Metamaterials, Opt. Expr. 13, 4922-4930 (2005). (354 citations)
4. S. Zhang, W-J. Fan, B.K. Minhas, A. Frauenglass, K.J. Malloy and S.R.J. Brueck, Midinfrared resonant magnetic nanostructures exhibiting a negative permeability, Phys. Rev. Lett. 94, 037402 (2005).
(305 citations)

5. S.R.J. Brueck, Optical and Interferometric Lithography: Nanotechnology Enablers, Proc. IEEE 93,
1704 (2005). (276 citations)
Synergistic Activities:
Lithography Workshop, Conference Chair
November, 2013
SNL/LANL Center for Integrated Nanotechnologies, Scientific Advisory Board
2003-2011;
SNL/LANL Center for Integrated Nanotechnologies, Scientific Advisory Board
2013-present
National Academy Air Force Studies Board
2011-present
Collaborators and Other Affiliations
Collaborators: B. A. Arnold, Raytheon; J. Brainard, NREL; B. Baird, Cornell; D. Basov, UCSD; S.
Bauer, Raytheon; C. Bolton, consult.; V. Browning, Valtech Soln., T. J. Burns, SET; F. J. Cappuccio,
consult; S. Chou, Princeton; J. Davenport, BNL; J. Devitt, L3-Com.; E. Dobisz, Hitachi; P. A. Drew,
TASC; J. V. Farr, Stevens IT; D. C. Fraser, Draper Lab.; J. Frankenthaler, consult.; W. Gelbart,
UCLA; L. Greene, UIUC; B. Godfrey, AF-ret.; K. Harrison, consult.; D. E. Hastings, MIT; A.
Hawryluk, Ultratech; P. Kominski, Technovation; B. La Fontaine, Cymer;. G. Levenson, MIT; L.
Lyles, consult.; G. Maracas, DOE; G. Martin, consult.; J. McCoy, consult.; McDonald, UT-Austin; P.
McManamon, consult.; M. Mleziva, Wildwood Strat. Concepts.; C. K. N. Patel, Pranalytica; T. Peli,
Draper Lab.; G. F. Perryman, Raytheon; G. W. Ray, GMT Ventures; R. V. Reynolds, VanFleet Gp.;
F. Schellenberg, consult.; D. Shaver, MIT LL; V. Singh, Intel; J. Smith, U. Penn; P. Somasundaran,
Columbia U.; J. D. Stewart, U. Tenn.; R. Tromp, IBM; G. Walraff, IBM; J. Weertman, Northwestern;
R. Winston, consult. T. Wallow, GlobalFoundaries.
Proposal/Scientific Collaborators: L. Brown, UNM; RPI; R. Bonnecaze, UT-Austin; I. Brener,
SNL; G. Brennecka, SNL; C. Brinker, SNL; E. Brown, Wayne State; J. Carruthers, BU; S. Chou,
Princeton; J. Coleman, UIUC; K. Connor, RPI; J. Damoulakis, USC-ISI; P. Dutta, RPI; Y. Fainman,
USCD; S. Fan, Stanford; M. Fejer, Stanford; B. Goldberg, BU; M. Fritze, USC-ISI; S. Han, UNM; J.
Harris, Stanford; K. Jain, UIUC; R. Jain, UNM; R. Kaspi, AFRL; V. Klimov, LANL; S. Krishna,
UNM; T. Koch, UAriz; L. Lester, VaTech; A. Levi, USC; S. Lin, RPI; T. Little, BU; G. Lopez,
NCSU; K. Malloy, UNM; E. Mendoza, Redondo Optics; S. Mioc, RPI; P. Nealy, U. Chi.; M. Osinski, UNM; R. Osgood, Columbia; J. Plawsky, RPI; J. Plusquellic, UNM; J. Rogers, UIUC; B. Salah,
UCF; A. Sanderson, RPI; A. Sharma, AFRL; M. Shur, RPI; M. Sinclair, SNL; S. V. Sreenivasan, UTAustin; A. Taylor, LANL; J. Tsao, SNL; S. Unlu, BU; M. Washington, RPI; C. Wetzel, RPI; A. Willner, USC; C. Willson, UT-Austin; J. Wen, RPI; J. Wierer, SNL; P. Zarkesh-Ha, UNM.
Graduate Advisors / Postdoctoral Sponsors: A. McWhorter, MIT, ret.; A. Mooradian, MIT-LL, ret.
Thesis Advisor and Postgraduate-Scholar Sponsor: (PhDs graduated: 36; current PhD students 4;
postdocs supervised: 10)
PhDs graduated in past 5 years:
Top-down Cross-Section Controlled III-Nitride
Changyi Li
ECE
UNM
2016
Nanowire Lasers
Optically Pumped Type-II Mid-Infrared TunaXiang He
ECE
UNM
2014
ble Distributed Feedback Lasers
A. Neumann
Imaging Interferometric Microscopy
ECE
UNM
2013

BIOGRAPHICAL SKETCH
Tito Busani, Ph.D.
a.
Professional Preparation
Institution
Politecnico of Milan (Italy)
Politecnico of Milan (Italy)
Univeriste’ J. Fourier (France)

Major
Nuclear Engineering
Microelectronic
Physics and nanotechnology

Degree
B.S.
M.S.
Ph.D.

Year
1999
2002
2006

b.
Appointments
2015-current NanoFab manager at Center for High Technology Materials
2013-current Research Associate Professor at University of New Mexico,(USA)
2009-2012
Junior Faculty at University of Lisbon (Portugal)
2006-2009
Post Doc at Energetic Material Research Center, Socorro (USA)
2003-2006
Research Assistant at University of New Mexico (USA)
2000-2002
Mask Engineer at STMicroelectronics (France)
1998-2000
Process Engineer at France Telecom (France)
c.
Products
Selected publications related to the project
1. M. Behzadirad, N. Mohsen, N. Wostbrock, R. Zamani, M. Reza; D. Feezell, S. Brueck, T. Busani,
‘Scalable Top-Down Approach Tailored by Interferometric Lithography to Achieve Large-Area
Single-Mode GaN Nanowire Laser Arrays on Sapphire Substrate’’, ACS nano, 12, 2373-2380
(2018)
2. Zamani, M. Behzadirad and T. Busani, ‘’Classical Continuum Theory Limits to Determine the
Size-Dependency of Mechanical Properties of GaN NWs’’, J. Appl. Phys., 122, 225113 (2017)
3. E.Zamaudio, M. Behzadirad, C. Christodoulou and T. Busani, ‘’ Optimization of AZO films for
integrating optically transparent antennas with photovoltaics’’, App. Phys. Lett., 110(23):234101
(2017)
4. M. Behzadirad, M. Nami, A. K Rishinaramagalam, D. Feezell, T. Busani, “GaN nanowire tips for
nanoscale atomic force microscopy’’ Nanotechnology, 28, 20 (2017)
5. V. Musat, E. Fortunato, M. Purica, M. Mazilu, A. Maria Botelho do Rego, B. Diaconu, T. Busani.
“Multifunctional Zinc Oxide nanostructures for a new generation of devices”, Mat. Chem and
Phys., 132, 2-3, (2012)
Selected significant publications
1. T. Busani, J. A. Shelnutt, R. A. B. Devine,, and Yujiang Song, ‘’ Enhanced mobility in organic
semiconductor based field effect transistors resulting from metallic nano-sphere inclusion”,
accepted in J. Applied Physic Dec. (2016)
2. F.D. Rodrigues, M. Cunha, L. Hilliou, L. Rino, T. Busani, G. Bernardo, M.R. Correia,
H.Wiggers, S.A. Filonovich, R.N. Pereira, '' Impact of composition and morphology on the
optical properties of Si-NC/P3HT thin films processed from solution’’, Applied Physics A, 1007,
12, 7540 (2013)
3. N. Pradipta, T. Busani, E. Elangovan; et al., “Zinc concentration dependence study of solution
processed amorphous indium gallium zinc oxide thin film transistors using high-k dielectric”,
Appl. Physc. Lett., 97, 18 (2010)
4. V. Figueiredo, E. Elangovan, R. Barros, J. V. Pinto, T. Busani, R. Martins, E. Fortunato, ‘’p-Type
CuxO Films Deposited at Room Temperature for Thin-Film Transistors’’, J. Diplay Tech, 8, 41
(2012)
5. T. Busani, nd R.A.B. Devine “Dielectric and Infrared Properties of TiO2 films containing
Anatase and Rutile”, Semicon. Sci. and Tech, 20, p. 870-875 (2005).
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d.
2017
2016
2016
2013
2013

Synergetic Activities
MRS spring 2018, EN16 ‘’ Combining Materials, Technologies and Societal
Awareness to Harvest Natural and Human-Made Energy Sources’’ Symposium Chair
and organizer
Invited speaker at the 5th International conference for Energy and Sustainability
(Osaka, Japan)
Board of Scientific committee of the International Symposium on Energy Challenges
and Mechanics (Inverness, United Kingdom)
Board of the organizing committee of the 2013 RESEARCH conference in Evora
(Portugal) – mixed conference of nanotechnology and human heritage
Participant in the Big Brother Big Sister (High school mentoring)
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FRANCESCA CAVALLO
(a) EDUCATION AND TRAINING
Undergraduate Institution
Location
University of Salerno
Fisciano, Italy

Major
Electrical Engineering

Degree & Year
B.S. & M.S. (2004)

Graduate Institution
Chemnitz Univ. Technology

Location
Chemnitz, Germany

Major
Degree & Year
Electrical and Computer Ph.D. (2009)
Engineering

Postdoctoral Institution
Univ. of Wisconsin-Madison

Location
Madison, WI

Area
Materials Science
and Engineering

Inclusive Dates
2009-2011

(b) PROFESSIONAL PREPARATION
2014-Present Assistant Professor of Electrical and Computer Engineering, University of New Mexico
Summer 2017 Visiting Assistant Professor, University of Wisconsin-Madison
2011-2014
Assistant Scientist, University of Wisconsin-Madison
2009-2010
Research Associate, University of Wisconsin-Madison
2007-2008
Research Assistant, IFW-Dresden
2004-2007
Research Assistant, MPI for Solid State Research.
(c) SELECTED PUBLICATIONS
Five Publications Most Closely Related to this Proposal
1. Anwar, F., Carlos, C. R., Saraswat, V., Mangu, V. S., Arnold, M. S., and Cavallo, F. "Nanoscale
graphene/Ge wigglers as building blocks for Thz sources" AIP Advances 7, 115015 (2017).
2. Mangu, V. S., Zamiri, M., Brueck, S. R. J., and Cavallo, F. "Strain engineering, efficient excitonic
photoluminescence, and exciton funnelling in unmodified MoS2 nanosheets," Nanoscale, 9, 16602–
16606 (2017).
3. Kazemi. A., Vaziri, S., Morales, J. D. A., Fregonese, S., Cavallo, F., Zamiri, M., Dawson, N. M.,
Artyushkova, K., Jiang, Y. B., Brueck, S. J. R., and Krishna, S. “Vertical charge transfer and lateral
transport in graphene/germanium heterostructures,” ACS Appl.Mat. Interfaces 9 (18), 15830–15840
(2017).
4. Cavallo, F., Rojas Delgado, R., Kelly, M. M., Sanchez-Perez, J. R., Schroeder, D. P., Xing, H.,
Eriksson, M. A., and Lagally, M. G., “Exceptional charge transport properties of graphene on
germanium”, ACS Nano 8:10237-10245 (2014).
5. Zamiri, M., Anwar, F., Klein, B. A., Rasoulof, A., Dawson, N. M., Schuler-Sandy, T., Deneke, C. F.,
Ferreira, S. O., Cavallo, F., and Krishna, S. “Antimonide-based membranes synthesis integration and
strain engineering,” Proc. Natl. Acad. Sci. 114(1): E1-E8 (2017).
Five Additional Publications
1.
2.
3.

Kazemi, A., He, X., Alaie, S., Ghasemi, J., Dawson, N.M., Cavallo, F., Habteyes, T.G., Brueck, S. R. J., and
Krishna, S. “Large-area semiconducting graphene nanomesh tailored by interferometric lithography,” Sci. Rep.
5:11463 (2015).
Cavallo, F., Huang, Y., Williams, J. C., and Lagally, M.G. “Neurite guidance and three-dimensional
confinement via compliant semiconductor scaffolds,” ACS Nano 8:12219 (2014).
Cavallo, F., Turner, K.T., and Lagally, M. G. “Facile fabrication of ordered crystalline-semiconductor
microstructures on flexible substrates,” Adv. Funct. Mat. 24:1730 (2014).
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4.
5.

Cavallo, F., Grierson, D.S., Turner, K.T., and Lagally, M. G. “Soft Si: effective stiffness of supported
crystalline nanomembranes,” ACS Nano 5:5400 (2011).
Cavallo, F. and Lagally, M. G. “Semiconductors turn soft: inorganic nanomembranes,” Soft Matter 6:439
(2010).

(d) SYNERGISTIC ACTIVITIES
1. Editor and Editorial Boards:
Reviewer
Applied Physics Letters, Journal of Applied Physics, Thin Sold Films, Soft Matter,
Advanced Materials, Advanced Functional Materials, ACS Nano, ACS Photonics, Nano
Letters, Journal of Electronic Materials, Science Advances.
2. Organizing Conferences
2017
Organizer, 59th Electronic Materials Conference, Notre Dame, IN
2016
Organizer, 58th Electronic Materials Conference, Newark, DE.
3. Professional Service
2015-2017
Proposal Evaluator for the Center for Integrative Nanotechnology
2016
Session Chair, MRS Fall Meeting, Boston, MA
2015
Session Chair, APS March Meeting, San Antonio, TX
2014-2013
Proposal Evaluator for the Horizon 2020 Program and for the European Union Future and
Emerging Technology-Young Explorers Program.
4. Education and Outreach
Present
Currently advising two graduate students and three undergraduate students
2016
Graduated two PhD students and two master students
2016
Mentored two high school students enrolled in the school of engineering summer internship
program and one undergraduate student within the NSF-REU program at the University of
New Mexico
2015-Present Faculty advisor for the MRS student chapter at the University of New Mexico
2011
Developed and educational activity and art exhibition at the Madison Children's Museum.
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Jean-Claude Diels
1987 — present
and staff member of the
2018 — present

Professor of Physics and EE
University of New Mexico,
Center for High Technology Material, and UNM Cancer Center
Adjunct Professor at CREOL
University of Central Florida

Educational Information
• Ph.D. in Physics (Brussels, Berkeley). Advisor: E. L. Hahn (UCB); and Physics Engineer (M.S.
Brussels).
• Commercial Instrument (IFR multiengine Pilot certificate (2,700 hrs).
1981-86
(1984
1980-81
(1978
1975-79
1973-75
1971-73
1967-79
1966

Professor of Physics
Invited Professor
Research Associate Professor
“Collaborateur
Scientifique”
“Research Scientist” and
Adjunct Asst. Professor
“Wissentschaflicher
Mitarbeiter”
“Research Scientist”
“Wetenschappelijke
Medewerker”
“Assistant Chercheur”

Univ. of North Texas, Denton
Université de Bordeaux I)
Center for Laser Studies, USC Los Angeles
Centre d’Etudes Nucléaires
Saclay, France.)
Center for Laser Studies,
USC Los Angeles
Max Planck Institute
Göttingen, Germany
University of California, (Berkeley)
Philips Research Laboratories
(Eindhoven, The Netherland)
Ecole Royale Militaire, (Brussels, Belgium)

Selected publications
8,392 citations; 2,158 since 2014, 25 patents awarded, 2 provisional.
1. James Hendrie, Matthias Lenzner, Hanieh Akhamiardakani, Jean-Claude Diels, and Ladan
Arissian. Impact of resonant dispersion on the sensitivity of intracavity phase interferometry and laser gyros. Optics Express, 24:30402–304010, 2016.
2. Hanieh Afkhamiardakani and Jean-Claude Diels. “Controlling group and phase velocities in
bidirectional mode-locked fiber lasers”, Optics Letters 44: 2903-2906 (2019)
3. Koji Masuda, James Hendrie, Jean-Claude Diels, and Ladan Arissian. Envelope, group and
phase velocities in a nested frequency comb. Journal of Physics B, 49:085402, 2016.
4. R. Gowda, N. Nguyen, J.-C. Diels, R. Norwood, N. Peyghambarian, and K. Kieu. All-fiber
bidirectional optical parametric oscillator for precision sensing. Optics Letters, 40:2033-2036
(2015)
5. L. Arissian and J.-C. Diels. Intracavity phase interferometry: frequency comb sensors inside a
laser cavity. Laser Photonics Rev, 8:799–?826, 2014.
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Other publications
1. J.-C. Diels, J. J. Fontaine, I. C. McMichael and F. Simoni Control and measurement of ultrashort
pulse shapes (in amplitude and phase) with femtosecond accuracy Applied Optics 24 (9), 12701282, 1985.
2. Ladan Arissian, Brian Kamer, Ali Rastegari, David Villeneuve, and Jean-Claude Diels. Transient gain from N+
2 in light filaments. Physical Review A, 98:053438, 2018.
3. Olivier Chalus, Alexey Sukhinin, Alejandro Aceves and Jean-Claude Diels, “Propagation of
non-diffracting intense ultraviolet beams”, Opt. Comm, 281:3356–3360, (2008).
4. Jean-Claude Diels, Ralph Bernstein, Karl Stahlkopf, and Xin Miao Zhao, “Lightning control
with lasers”, Scientific American 277: 50-55 (1997).
5. Xin Miao Zhao, Jean-Claude Diels, Cai Yi Wang, and Juan Elizondo. Femtosecond ultraviolet
laser pulse induced electrical discharges in gases. IEEE J. Quantum Electronics, QE-31:599–
612 (1995).
Awards
• Recipient of the 51st Annual Research Lecture Award of the University of New Mexico, the
highest honor for research and creativity that the University of New Mexico can bestow on a
faculty member
• Recipient of the 2006 Excellence in Engineering Award of the Optical Society of America, for
developing Intracavity Phase Interferometry.
• Fellow of the Optical Society of America.
Synergistic activities
• J.-C. Diels is the author of a graduate textbook, “Ultrafast Phenomena”, widely used both as
graduate textbook and reference manual by researchers in this field (2207 citations). The book
has been re-written as a second edition (Academic Press, 2006). A third edition is being written.
• In his 35 years of advising graduate students, J.-C. Diels has — and will continue to – welcome
minorities and newcomers to the mainstream of American society.
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TARA E. DRAKE
1313 Goddard St SE | +1 505 272 4738 | drakete@unm.edu
Physics and Astronomy | CHTM | Albuquerque, NM 87106
PROFESSIONAL PREPARATION
National Institute of Standards and Technology (NIST), Boulder, 2015–2019
• NRC-NAS Postdoctoral Research Fellowship, 2016–2018
University of Colorado, Boulder
• Ph.D., Physics – 2015
• M.Sc., Physics – 2011
University of Delaware
• B.Sc., Physics, Honors Degree, Magna Cum Laude – 2008
• B.A., Music, Honors Degree, Magna Cum Laude – 2008
APPOINTMENTS
2019Assistant Professor, Physics and Astronomy, University of New Mexico
2015-2019
Postdoctoral Researcher, NIST, Boulder, CO
2008-2015
Graduate Research Assistant, Dr. Deborah Jin, JILA, Univ. of Colorado
SELECTED PUBLICATIONS
T. E. Drake, J.R. Stone, T. C. Briles, and S. B. Papp, Thermal decoherence and laser cooling
of a Kerr-microresonator soliton, arXiv:1903.00431 (2019).
Gregory Moille, Qing Li, Travis C Briles, Su-Peng Yu, Tara Drake, Xiyuan Lu, Ashutosh Rao,
Daron Westly, Scott B Papp, Kartik Srinivasan, Broadband resonator-waveguide coupling for
efficient extraction of octave-spanning microcombs, Opt. Lett. 44 (19), 4737-4740 (2019).
Tara E. Drake, Travis C. Briles, Daryl T. Spencer, Jordan R. Stone, David R. Carlson, Daniel D.
Hickstein, Qing Li, Daron Westly, Kartik Srinivasan, Scott A. Diddams, Scott B. Papp,
Terahertz-rate Kerr-microresonator optical clockwork, Phys. Rev. X 9, 031023 (2019).
Z. L. Newman, V. Maurice, T. E. Drake, J. R. Stone, T. C. Briles, D. T. Spencer, C. Fredrick, Q.
Li, D. Westly, B. R. Ilic, B. Shen, M. -G. Suh, K. Y. Yang, C. Johnson, D. M. S. Johnson, L.
Hollberg, K. Vahala, K. Srinivasan, S. A. Diddams, J. Kitching, S. B. Papp, M. T. Hummon,
Architecture for the photonic integration of an optical atomic clock, Optica 6, 680-685
(2019).
Jordan R. Stone, Travis C. Briles, Tara E. Drake, Daryl T. Spencer, David R. Carlson, Scott A.
Diddams, and Scott B. Papp, Thermal and Nonlinear Dissipative-Soliton Dynamics in KerrMicroresonator Frequency Combs, Phys. Rev. Lett. 121, 063902 (2018).
Travis C. Briles, Jordan R. Stone, Tara E. Drake, Daryl T. Spencer, Connor Fredrick, Qing Li,
Daron Westly, B. R. Ilic, Kartik Srinivasan, Scott A. Diddams, and Scott B. Papp, Interlocking
Kerr-microresonator frequency combs for microwave to optical synthesis, Opt. Lett. 43,
2933-2936 (2018).
Daryl T. Spencer, Tara Drake, Travis C. Briles, Jordan Stone, Laura C. Sinclair , Connor
Fredrick, Qing Li, Daron Westly, B. Robert Ilic, Aaron Bluestone, Nicolas Volet, Tin
Komljenovic, Lin Chang, Seung Hoon Lee, Dong Yoon Oh, Myoung-Gyun Suh, Ki Youl Yang,
Martin H. P. Pfeiffer, Tobias J. Kippenberg, Erik Norberg , Luke Theogarajan, Kerry Vahala,
Nathan R. Newbury , Kartik Srinivasan, John E. Bowers, Scott A. Diddams, and Scott B. Papp,
An optical-frequency synthesizer using integrated photonics, Nature 557, 81–85 (2018).

Qing Li, Travis C. Briles, Daron A. Westly, Tara E. Drake, Jordan R. Stone, B. Robert Ilic, Scott
A. Diddams, Scott B. Papp, and Kartik Srinivasan, Stably accessing octave-spanning
microresonator frequency combs in the soliton regime, Optica 4, 193-203 (2017).
SYNERGISTIC ACTIVITIES
•
•
•
•

I have served as Chair of sessions at multiple conferences, including Conference on Lasers
and Electro-Optics (CLEO2019) and American Physics Society (APS) Four Corners 2019.
I have served as a peer reviewer for Optics Express, Photonics Research, and Nature.
I employ a local high school student from Highlands HS as an Academic Intern.
I am co-organizing an effort at CHTM to better support and recruit female researchers.

COLLABORATORS AND OTHER AFFILIATIONS
(i) Collaborators from past 48 months
A. Bluestone, Univ. of California, Santa Barbara, CA; T. Briles, Univ. of Colorado, Boulder,
CO; D. Carlson, Univ. of Colorado, Boulder, CO; L. Chang, Univ. of California, Santa Barbara,
CA; S. Diddams, National Institute of Standards and Technology (NIST), Boulder, CO; C.
Frederick, Univ. of Colorado, Boulder, CO; D. Hickstein, Kapteyn-Murnane Laboratories,
Boulder, CO; L. Hollberg, Stanford Univ., Stanford, CA; M. Hummon, NIST, Boulder, CO; B.
R. Ilic, NIST, Gaithersburg, MD; C. Johnson, Charles Stark Draper Laboratories, Boston, MA;
D. Johnson, Charles Stark Draper Laboratories, Boston, MA; T. Kippenberg, Ecole
Polytechnique Federale de Lausanne, Switzerland; J. Kitching, NIST, Boulder, CO; T.
Komljenovic, Nexus Photonics, Santa Barbara, CA; S. H. Lee, Apple, Inc.; Cupertino, CA; Q.
Li, Carnegie Mellon Univ., Pittsburgh, PA; V. Maurice, NIST, Boulder, CO; N. Newbury, NIST,
Boulder, CO; Z. Newman, NIST, Boulder, CO; E. Norberg, Juniper Networks, Santa Barbara,
CA; D. Y. Oh, Rockley Photonics, Alhambra, CA; S. Papp, NIST, Boulder, CO; M. Pfeiffer, TE
Connectivity, Lausanne, Switzerland; L. Sinclair, NIST, Boulder, CO; D. Spencer, Ivani LLC,
St. Louis, MO; K. Srinivasan, NIST, Gaithersburg, MD; J. Stone, Univ. of Colorado, Boulder,
CO; M-G. Suh, California Institute of Technology, Pasadena, CA; L. Theogarajan, Univ. of
California, Santa Barbara; K. Vahala, California Institute of Technology, Pasadena, CA; N.
Volet, OE Solutions America, Santa Barbara, CA; D. Westly, NIST, Gaithersburg, MD; K. Y.
Yang, California Institute of Technology, Pasadena, CA
(ii) Graduate and Postdoctoral Advisors
Graduate Advisor: Dr. Deborah Jin, deceased, previously JILA, University of Colorado
Postdoctoral Advisors: Dr. Scott Diddams and Dr. Scott Papp, National Institute of Standards
and Technology
(iii) Thesis Advisor and Postgraduate Sponsor
Graduate Student: Lala Rukh, Optical Science and Engineering, University of New Mexico
RESEARCH IMPACTS
My postdoctoral research led to the first optical frequency division and accurate transfer of an
atomic clock standard from optical frequencies to RF frequencies using integrated photonics.
This is an important milestone for the eventual development of compact optical atomic clocks.
My research at NIST also led to the first demonstration of a chip-integrable optical frequency
synthesizer. This collaborative work was carried out through the DARPA DODOS program and
has inspired multiple commercial endeavors to construct compact optical frequency comb
devices using microresonators.

BIOGRAPHICAL SKETCH
DANIEL F. FEEZELL, Ph.D.
Associate Professor of Electrical and Computer Engineering
Center for High Technology Materials
University of New Mexico
(a) Professional Preparation
University of California Irvine
University of California Santa Barbara
University of California Santa Barbara
University of California Santa Barbara

Electrical Engineering
Electrical Engineering
Electrical Engineering
Materials Department

B.S.
M.S.
Ph.D.
Postdoctoral

2000
2001
2000-2005
2005-2007

(b) Appointments
• Associate Professor - University of New Mexico, Electrical and Computer Engineering Department:
06/2017 – present
• Assistant Professor - University of New Mexico, Electrical and Computer Engineering Department:
08/2012 – 06/2017
• Project Scientist - University of California Santa Barbara, Materials Department: 10/2010 – 08/2012
• Senior Device Scientist - Soraa/Kaai, Inc.: 12/2007 – 08/2010
(c) Products
Author or co-author on more than 100 journal articles or conference proceedings, author or co-author on
more than 20 patents or applications (~3,100 citations, h-index = 31, i10-index = 45).
Closely Related Publications
1. M. Monavarian, A. Rashidi, S. H. Oh, M. Nami, S. P. DenBaars, and D. Feezell, “Explanation of low
$ ) InGaN/GaN LEDs through evaluation of carrier recombination
efficiency droop in semipolar (202$1
coefficients,” Optics Express, vol. 25, pp. 19343-19353, Aug. 2017. (Editor’s Pick) doi:
10.1364/OE.25.019343
2. A. Rashidi, M. Nami, M. Monavarian, A. Aragon, K. DaVico, F. Ayoub, and D. Feezell, “Differential
Carrier Lifetime and Transport Effects in Electrically Injected III-Nitride Light-Emitting Diodes,”
Journal of Applied Physics, vol. 122, pp. 035706(1-9), July 2017. doi: 10.1063/1.4994648
3. A. Rashidi, M. Monavarian, A. Aragon, S. Okur, M. Nami, A. Rishinaramangalam, S. Mishkat-UlMasabih, and D. Feezell, “High-Speed Nonpolar InGaN/GaN LEDs for Visible-Light Communication,”
Photonics Technology Letters, vol. 29, pp. 381-384, Feb. 2017. doi: 10.1109/LPT.2017.2650681
4. S. Okur, M. Nami, A. Rishinaramangalam, S. H. Oh, S. Liu, I. Brener, S.P. DenBaars, and D. Feezell,
“Internal Quantum Efficiency and Carrier Dynamics in Semipolar (2021) InGaN/GaN light-emitting
diodes,” Optics Express, vol. 25, pp.2178-2186, Jan. 2017. doi: 10.1364/OE.25.002178
5. D. Feezell, J. Speck, S. DenBaars, and S. Nakamura “Semipolar (202̅1)̅ InGaN/GaN Light-Emitting
Diodes for High Efficiency Solid-State Lighting,” J. Display Technol., vol. 9, pp. 190-198, Feb. 2013.
doi: 10.1109/JDT.2012.2227682
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Other Significant Publications
1. C. Li, J. Wright, S. Liu, P. Lu, J. Figiel, B. Leung, W. Chow, I. Brener, D. Feezell, S. Brueck, G. T.
Wang, “Non-polar InGaN/GaN core-shell single nanowire lasers,” Nano Letters, vol. 17, pp. 1049- 1055,
Jan. 2017. doi: 10.1021/acs.nanolett.6b04483
2. M. Nami, R. Eller, S. Okur, A. Rishinaramangalam, S. Liu, I. Brener, and D. Feezell, “Tailoring the
morphology and luminescence of GaN/InGaN core-shell nanowires using bottom-up selective-area
epitaxy,” Nanotechnology, vol. 28, pp. 025202 (1-11), Dec. 2016. doi: 10.1088/0957-4484/28/2/025202
3. A. Rishinaramangalam, M. Nami, M. Fairchild, D. Shima, G. Balakrishnan, S. Brueck, and D. Feezell,
“Semipolar InGaN/GaN Nanostructure Light-Emitting Diodes on c-Plane Sapphire,” Appl. Phys. Express,
vol. 9, pp. 032101(1-4), Feb. 2016. doi: 10.7567/APEX.9.032101
4. D. Feezell and S. Nakamura, “Nonpolar and Semipolar Group III-Nitride Lasers,” in Semiconductor
Lasers: Fundamentals and Applications, Edited by A. Baranov and E Tournie, Woodhead Publishing,
ISBN13: 9780857091215, 2013.
5. C. Holder, J. Speck, S. DenBaars, S. Nakamura, and D. Feezell, “Demonstration of Nonpolar GaNBased Vertical Cavity Surface-Emitting Lasers,” Appl. Phys. Express, vol. 5, pp. 092104(1-3), Sep. 2012.
doi: 10.1143/APEX.5.092104
(d) Synergistic Activities
Research Experience for Undergraduates (REU) Mentor – University of New Mexico: 09/2012 –
present – Mentored five undergraduate students in projects related to nanostructured LEDs and III-nitride
materials.
Research Experience for Teachers (RET) Mentor – University of New Mexico: 06/2013 – present –
Mentored three local high-school science teachers in projects related to III-nitride LEDs.
Outreach Presenter:
“Electricity and Light!” Pajarito Elementary School (1st – 5th grade gifted class), 05/15/17
“Electricity and Light!” Manzano Day School Elementary (1st grade class), 03/09/17
“High Efficiency Solid-State Lighting, Light-Emitting Diodes, and Smart Lighting,” Southwestern
Indian Polytechnic Institute (SIPI), 12/05/13 and 04/03/14. Also, frequent collaborator with SIPI.
“Light-Emitting Diodes and Smart Lighting,” Dolores Gonzales Elementary School (5th grade class),
10/26/12
Proceedings Chair, Invited Organizer, and Program Committee Roles – Proceedings Chair 2016
International Workshop on Nitride Semiconductors. Invited Organizer 2014-2017 Electronic Materials
Conference: Compound Semiconductor Growth on Silicon session and conference chair for III-Nitride
Novel Device Concepts and Nanowires: Structures and Defects. Program committee 2018 International
Workshop on Nitride Semiconductors. Program Committee 2017 International Symposium on
Semiconductor Light-Emitting Devices. Program Committee, 2017 International Conference on Nitride
Semiconductors.
Reviewer - Applied Physics Letters, Nature, Scientific Reports, Nano Letters, Optics Express, Journal of
Applied Physics, Journal of Crystal Growth, Physica Status Solidi, Photonics Technology Letters, Laser
and Photonics Reviews, etc.
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Terefe G. Habteyes, Assistant Professor
Chemistry and Chemical Biology/Center for High Technology Materials (CHTM)
University of New Mexico, Albuquerque, NM 87106
habteyes@unm.edu, (505) 272-7504
(a) Professional Preparation
Undergraduate Institution(s)
Graduate Institution(s)

Postdoctoral Institution(s)

(b) Appointments
The University of New Mexico
Addis Ababa University
Addis Ababa University

Addis Ababa
University
Addis Ababa
University
University of
Arizona
University of
California at
Berkeley

Assistant Professor
Lecturer
Assistant lecturer

Chemistry

B.S., 1997

Chemistry

M.S., 2000

Chemistry

Ph.D., 2008

Near-field
microscopy
and Materials

2008 - 2012

2012 - Present
2000 - 2002
1997 - 2000

(c) Products
(i) Most closely related to the proposed project
1. S. Haq, S. Addamane, B. Kafle, D. Huang, G. Balakrishnan, and T. G. Habteyes, Active
Mediation of Plasmon Enhanced Localized Exciton Generation, Diffusion and Enhanced Photon
Emission, ACS Photonics, Submitted.
2. B. Kafle, T. E. Tesema, A. Kazemi, and T. G. Habteyes, Stripping and Transforming Alloyed
Semiconductor Quantum Dots via Atomic Interdiffusion, J. Phys. Chem. C, 120, 12850, 2016.
3. K. I. Kiesow, S. Dhuey and T. G. Habteyes, Mapping near-field localization in plasmonic optical
nanoantennas with 10 nm spatial resolution, Appl. Phys. Lett., 105, 053105, 2014.
4. T. G. Habteyes , I. Staude , K. E. Chong , J. Dominguez , M. Decker , A. Miroshnichenko , Y.
Kivshar , and I. Brener, Near-field mapping of optical modes on all-dielectric silicon nanodisks,
ACS Photonics, 1, 794, 2014.
5. T. G. Habteyes, Direct near-field observation of orientation-dependent optical response of gold
nanorods, J. Phys. Chem. C, 118, 9119, 2014.
(ii) Five other significant products
1. A. Kazemi,
X. He, S. Alaie, J. Ghasemi, N. M. Dawson, F. Cavallo, T. G. Habteyes, S. R. J.
Brueck and S. Krishna, Large-Area Semiconducting Graphene Nanomesh Tailored by
Interferometric Lithography, Scientific Reports 5, 11463, 2015.
2. T. G. Habteyes, I. Staude, K. E. Chong, J. Dominguez, M. Decker, A. Miroshnichenko, Y. S.
Kivshar, and I. Brener, Apertureless optical near-field imaging of localized modes of silicon
nanodisks, CLEO:QELS_Fundamental Science, June 8-13, p FTu1K.5, 2014.

3. T. G. Habteyes, S. Dhuey, E. Wood, S. Cabrini, P. J. Schuck, A. P. Alivisatos and S. R. Leone,
Metallic adhesion layer induced plasmon damping and molecular linkers as a nondamping
alternative, ACS Nano, 6, 5702, 2012.
4. T. G. Habteyes, S. Dhuey, S. Cabrini, P. J. Schuck, and S. R. Leone, Theta-shaped plasmonic
nanostructures: bringing “dark” multipole plasmon resonances into action via conductive
coupling, Nano Lett, 11, 1819, 2011.
5. T. G. Habteyes and A. Sanov, Electron binding motifs in the (CS2)n- (n> 4) cluster anions, J.
Chem. Phys. 129, 244309, 2008.
(d) Synergistic Activities
• Member, Graduate Recruiting Committee, Department of Chemistry and Chemical Biology,
University of New Mexico.
• Mentored 9 undergraduate students (6 female, 2 African American female and 2 REU) and 5
graduate students (3 female, 1 Hispanic and 1 African American), two of the undergraduate
students have published articles and two other undergraduate students are preparing manuscript
for publication. I also advise and provide measurement support to a number of graduate
students, who are not member of my group, at the CHTM, where my lab is housed, and provide
hands on research lab experience to high school students.
• Improved the undergraduate experimental physical chemistry course by introducing new
experiments and implementing rigorous data analysis and high standard report writing
(enrollment has increased by more than two folds since I started teaching the course)
• Established collaborations with the researchers at the Air Force Research Lab (AFRL) and the
Center for Integrated Nanotechnologies (CINT), Sandia National Lab, and arranged visit to the
federal labs for the undergraduate students working in my research lab. This visit has facilitated
summer job opportunity for one of my students at the AFRL working on collaborative project.
• Organized a very successful UNM-AFRL Chemistry Symposium that was held at CHTM on
June 5, 2014. Over 50 people attended the symposium in which an overview of education
outreach efforts was given by the chief scientist of AFRL, director of CHTM, and chairman of
Chemistry followed by inspiring presentations by 5 UNM professors and 5 AFRL researchers.
(e) Collaborators & Other Affiliations
Collaborators and Co-Editors Total Collaborators: 5
Total Co-Editors: 0
Dr. Stefano Cabrini, Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley
Dr. Jaime Stearns, Air Force Research Lab, Albuquerque, NM
Dr. David Cardimona, Air Force Research Lab, Albuquerque, NM
Dr. Igal Brener, Center for High Technology Materials, Sandia National Lab
Graduate Advisors (Total Graduate Advisors: 1)
Andrei Sanov, University of Arizona
Postdoctoral Advisors (Total Postdoc Advisors: 2)
Stephen R. Leone, University of California, Berkeley
A. Paul Alivisatos (co-advisor), University of California, Berkeley
Thesis Advisor and Postgraduate Sponsor
None has graduated from Habteyes research group yet.

R.K. JAIN, Professor, ECE & Physics, University of New Mexico

A. Professional Preparation
Institution
Major
UC Santa Barbara
Electrical Engineering
UC Santa Barbara
Physics
UC Berkeley Electrical Engineering and Computer Science
UC Berkeley Electrical Engineering and Computer Science

Degree
B.S.
A.B
M.S.
Ph.D.

Year
1970
1970
1972
1974

Professional Honors & Awards (in recognition of research excellence)
• Fellow, American Physical Society, 2008
• Fellow, Institute of Electrical & Electronic Engineers, 1990
• Fellow, SPIE/ The International Society for Optical Engineering, 1988
• Fellow, Optical Society of America, 1986
• Harold E. Edgerton Award, SPIE, 1992
• Outstanding Paper of the Year Award, Hughes Research Labs (HRL), 1983

B. Appointments
Dates
Institution
1992-present Electrical & Computer Engineering and Physics
University of New Mexico

Title
Professor

1992-1999

Alliance for Photonic Technology, Univ. of New
Mexico

Associate Director

1984-1991

Physical Technology Department, Amoco
Technology Company, Naperville, IL

Group Leader

1978-1984

Optical Physics Department, Hughes Research
Laboratories, Malibu, CA

Senior Member of
Technical Staff

1975-1978

Bell Laboratories, Holmdel, NJ

Member of Technical Staff
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C. Products (> 140 publications, > 24 US Patents, >130 presentations)
(i) 5 most relevant
1. “Plasmonic Quantum Dots for Nonlinear Optical Applications”, M. Klopfer and R.K.
Jain, Opt. Materials Express, vol. 1, Issue 7, pp. 1353-1366 (2011).
2. "Maximization of nonlinear fluorescence from ultrasmall (<2 nm) semiconductor
quantum dots to be used for deep tissue imaging," L. Wang, and R. K. Jain, J. Opt. Soc.
Am. B, vol. 26, 2161-2166 (2009).
3. L. Wang, D. Ankuciwiez, J. Chen, and R. K. Jain, "Surface-Plasmon Enhanced
Fluorescence in CdSe/ZnS Semiconductor Quantum Dots," in Proceedings of Conference
on Lasers and Electro-Optics/International Quantum Electronics Conference, (Optical
Society of America, 2009), paper CTuO7 (2009).
4. “Two-photon absorption of matrix-free Ge nanocrystals”, Henry Gerung, Yanrui Zhao,
Li Wang, Ravinder K. Jain, Timothy J. Boyle, C. Jeffrey Brinker, and Sang M. Han,
Appl. Phys. Lett. Vol 89, 1107 - 1110 (2006).
5. “Measurement of two-photon absorption coefficients in colloidal semiconductor quantum
dots”, L. Wang, Z. Zhang, R. Jain, F. Vanholsbeeck, S. Murdoch, and J. Harvey, Proc.
IEEE LEOS, vol. 2, pp 487-488 (2004).
(ii) 5 other significant publications
1. "Degenerate Four-Wave Mixing in Semiconductors," R.K. Jain and M.B. Klein, in Optical
Phase Conjugation, pp. 307-415, Ed., R.A. Fisher (Academic Press, New York, 1983).
2. "Degenerate Four-Wave Mixing in Semiconductor-Doped Glasses," R.K. Jain and R.C.
Lind, J. Opt. Soc. Amer., vol. 73, 647-653 (1983).
3. “Third-Order Optical Nonlinearity in ZnO Microcrystallite Thin Films”, W.L. Zhang,
K.S. Wong, Z.K. Tang, G.K.L. Wong, and R.K. Jain, Appl. Phys. Lett., vol. 75, 33213323 (1999).
4. “Devices Based on Two-Photon Absorption in Quantum Dots and Other QuantumConfined Structures”, R.K. Jain, L. Wang, L. Lester, R. Watts, and J. Harvey, Proc. SPIE,
vol. 5445 (2004).
5. “High-Q Microresonators for Mid-Infrared Light Sources and Molecular Sensors” B.
Way, R. K. Jain and M. Hossein-Zadeh, Opt. Lett, vol. 37, #2, pp 4389-4391 (2012).
D. Synergistic Activities in Professional Societies
1. Associate Editor, Optics Express (current)
2. Member, Program Committee, Nonlinear Optics Conference (2017)
3. Membership and Education Council, OSA (1994-1996)
4. Chair, IEEE LEOS Technical Committee on Ultrafast Optics and Electronics (19911994)
5. OSA Fellows and Honorary Members Committee (1988)
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Address: Department of Physics & Astronomy,
University of New Mexico,
Albuquerque, NM 87131, USA.
Phone: +1 8323598905
Email: manjavacas@unm.edu
Web: nanophotonics.unm.edu

Alejandro Manjavacas
Curriculum Vitae
February 2020

Education
2013 Ph.D. in Physics, Universidad Complutense de Madrid / CSIC, Spain.
Awarded Summa Cum Laude. Thesis: Light-Matter Interaction at the Nanoscale.
2009 M.Sc. in Theoretical Physics, Universidad Complutense de Madrid / CSIC, Spain.
Graduated with honors (9.9/10). Thesis: Plasmonic waveguides.
2008 B.Sc. in Theoretical Physics, Universidad Complutense de Madrid, Spain.
Graduated with honors (9.44/10).
2006 Erasmus student, Nottingham University, United Kingdom.
Graduated with honors (91.9/100).

Employment
2019 - ...

Co-chair of the Optical Science and Engineering (OSE) program,
University of New Mexico, Albuquerque, USA.
2015 - ...
Assistant professor, University of New Mexico, Albuquerque, USA.
2013 - 2015
J. Evans Attwell-Welch Postdoctoral Fellow, Rice University, USA.
Advisor: Prof. P. Nordlander.
2011 (3 months) Visiting Ph.D. student. Max Planck Institute for Quantum Optics, Germany.
Advisor: Prof. I. Cirac.
2010 (2 months) Visiting Ph.D. student. Rice University, USA.
Advisor: Prof. P. Nordlander.
2009 - 2013
PhD student - FPU fellow, Nanophotonics Group, CSIC, Spain.
Advisor: Prof. F. J. Garcı́a de Abajo.
2007 - 2008
Undergraduate research assistant. Universidad Complutense de Madrid, Spain.
Advisors: Prof. R. Martı́nez-Herrero and Prof. P. M. Mejı́as-Arias.

Awards and Fellowships
2016 RSEF-BBVA Award to the Best Young Spanish Researcher in Theoretical Physics.
Spanish Royal Society of Physics, Spain.
2016 Excellence in Teaching Award.
Department of Physics and Astronomy, University of New Mexico, USA.
2015 GEFES Award to the best PhD Thesis in Condensed Matter Theory.
Spanish Royal Society of Physics, Spain.
2014 Outstanding Ph.D. Thesis Award (1st position).
Universidad Complutense de Madrid, Spain.
2013 J. Evans Attwell-Welch Postdoctoral Fellowship.
Smalley Institute for Nanoscale Science and Technology, Rice University, USA.
2013 SPIE Optics and Photonics Education Scholarship.
2009 Honorary Collaborator of the Department of Optics.
Universidad Complutense de Madrid, Spain.
Four times: 2009/2010, 2010/2011, 2011/2012, and 2012/2013.
2009 Accesit in the Spanish National Award for graduate physics students.
2009 Outstanding M.Sc. degree in Physics Award (1st position).
Universidad Complutense de Madrid, Spain.
2009 FPU Ph.D. fellowship from the Spanish Minister of Education, Spain.
2008 Undergraduate Research Fellowship.
Universidad Complutense de Madrid, Spain.
2006 Award Promoción Fı́sicos-60 to the best undergraduate physics student.
Universidad Complutense de Madrid, Spain.
2005 Erasmus fellowship, Nottingham University, United Kingdom.
2002 Student of Excellence Program fellowship from the Regional Government of Madrid, Spain.
Five times: 2002/2003, 2003/2004, 2004/2005, 2005/2006, and 2006/2007.
1
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Scientific Metrics
• Publications (peer-reviewed): 69 papers, of which 19 as first author and 26 as corresponding author.
• 1 Nat. Phys, 9 Nano Lett., 11 ACS Nano, 3 Nat. Commun., 2 Proc. Natl. Acad. Sci., 4 Phys. Rev. Lett.,
and 9 ACS Photonics.
• Citations: 3066 (ISI Web of Science), 4086 (Google Scholar).
• h-index: 26 (ISI Web of Science), 28 (Google Scholar).
• Three publications considered as Highly Cited Paper by ISI Web of Science (top 1% most cited publications in the corresponding field).
• 14 publications highlighted in national and international media.
• Contributions to international conferences: 23 invited talks, 28 contributed talks, and 32 posters.

Publications
Nanophotonics
69. S. Sanders and A. Manjavacas.
Nanoantennas with balanced gain and loss.
Nanophotonics (2019).
68. A. Manjavacas, L. Zundel, and S. Sanders.
Analysis of the limits of the near-field produced by nanoparticle arrays.
ACS Nano 13, 10682 (2019).
) Highlighted in UNM News, Phys.org, and Nanowerk.
67. Y. Yang, J. Lu, A. Manjavacas, T. S. Luk, H. Liu, J.-P. Maria, E. L. Runnerstrom, M. B. Sinclair, S.
Ghimire, and I. Brener.
High-harmonic generation from an epsilon-near-zero material.
Nat. Physics 15, 1022 (2019).
) Highlighted in Phys.org.
66. S. Sanders, W. J. M. Kort-Kamp, D. A. R. Dalvit, and A. Manjavacas.
Nanoscale transfer of angular momentum mediated by the Casimir torque.
Commun. Phys. 2, 71 (2019).
65. A. E. Schlather, P. Gieri, M. Robinson, S. A. Centeno, and A. Manjavacas.
Nineteenth-century nanotechnology: The plasmonic properties of daguerreotypes.
Proc. Natl. Acad. Sci. 116, 13791 (2019).
) Highlighted in Nature, UNM News, Phys.org, The MET museum, Ars Technica, Science Mag, Physics
World, Science Daily, Agencia Sinc, Madrimasd, and La Sexta.
64. A. Beierle, P. Gieri, H. Pan, M. D. Heagy, A. Manjavacas, S. Chowdhury.
Titanium nitride nanoparticles for the efficient photocatalysis of bicarbonate into formate.
Sol. Energy Mater. Sol. Cells 200, 109967 (2019).
63. L. Zundel and A. Manjavacas.
Finite-size e↵ects on periodic arrays of nanostructures.
J. Phys. Photonics 1, 015004 (2019).
62. B. Kafle, P. Gieri, H. Kookhaee, T. E. Tesema, S. Haq, A. Manjavacas, and T. G. Habteyes.
Robust charge transfer plasmons in metallic particle-film systems.
ACS Photonics 5, 4022 (2018).
61. S. Sanders, A. May, A. Alabastri, and A. Manjavacas.
Extraordinary enhancement of quadrupolar transitions using nanostructured graphene.
ACS Photonics 5, 3282 (2018).
60. S. Sanders and A. Manjavacas.
Analysis of the limits of the local density of photonic states near nanostructures.
ACS Photonics 5, 2437 (2018).
59. S. Baur, S. Sanders, and A. Manjavacas.
Hybridization of lattice resonances.
ACS Nano 12, 1618 (2018).
) Highlighted in UNM News, and Phys.org.
58. A. Manjavacas, R. Fenollosa, I. Rodriguez, M. C. Jiménez, M. A. Miranda, and F. Meseguer.
Magnetic light and forbidden photochemistry: the case of singlet oxygen.
J. Mater. Chem. C 5, 11824 (2017).

MANI HOSSEIN-ZADEH,
Associate Professor of Electrical and Computer Engineering (ECE),
Center for High Technology Materials (CHTM), 1313 Goddard SE, Room 116A, Albuquerque, NM 87106.
Phone: 505-272-7845, E-mail: mhz@chtm.unm.edu, URL: www.chtm.unm.edu/~mhz
Professional preparation
1990-1995 Sharif University of Technology (SUT), Tehran, IRAN.
Bachelor of Science, Applied Physics, June 1995.
1995-1997 Sharif University of Technology (SUT), Tehran, IRAN.
Master of Science, Physics, Aug 1997.
1999-2001 University of Southern California (USC), LosAngeles, California, USA.
Master of Science, Electrical Engineering-Electrophysics, Dec 2001.
2001-2005 University of Southern California (USC), LosAngeles, California, USA.
Philosophy Doctorate, Electrical Engineering-Electrophysics, Dec 2004.
Appointments
2014-Present Associate Professor, Univeristy of New Mexico, Albuquerque, NM, USA.
2014-2015
Senior scientist and PI at Intelligent Optical Systems (IOS), Torrance CA.
(on leave of absence from UNM. Worked on photonic biosensors and optochemical sensors)
2008-2014
Assistant Professor, Univeristy of New Mexico, Albuquerque, NM, USA
Electrical and Computer Enigineering department (ECE)
PI at Center for High Technology Materials (CHTM).
2005-2008
Postdoctoral scholar, California Institute of Technology, Pasadena, CA, USA.
Vahala research group & Center for Physics of Information, T. J. Watson Lab of Applied Physics.
2000-2005
Research assistant, University of Southern California, Los Angeles, CA, USA.
Advanced Electronic and Photonic Technology Lab.
1996-1999
Research assistant, Sharif University of Technology, Tehran, IRAN.
Medical Physics Lab.
Principal accomplishments
Narrow-linewidth microresonator-based Mid-IR sources for molecular detection: Demostration of the first midIR WGM microlaser based on Er:ZbLAN with sub-pm linewidth and CW operation at room temperature and
demonstration of its application in molecule sensing.
Sub-micron opto-chemical probes for studying living neurons: fabrication of sub-micronopto-chemical probes
for monitoing PH, oxygen and calcium in intracellular and extracellular monitoring of living neurons (cortical
neuronal cultures and acute hippocampal slices).
Radiation-pessure-driven optomechanical oscillator for sensing and communication (OMO): characterization of
the frequency and noise performance of optomechanical oscillator (Oscillation linewdith, frequency, noise,
stability, optical spring effect, …), study of injection locking phenomena in these oscillators and demonstration
and analysis of RF frequency mixing in OMO. Demonstration of the first OMO radio and first OMO based mass
sensor with sub-pg sensitiivty.
Free ultra high-Q (UH-Q) microtoroid resonators: This patent pending technology enables the usage of UH-Q
microtoroid optical resonators in integrated photonic circuits (photonic RF signal processors, multi-pole optical
filters and photonic sensors) as well as cavity-QED experiments.
Stabilized Droplet micoresonator for Biosensing: This is the first and only work on coupling a fiber-taper to high
Whiepsering-Gallery modes inside a microdroplet resonator embeded in liquid medium. Also a unique
stabilization method for studying microdroplets has been poposed and demonstrated in this work that does not
require any optical, magnetic and electric trapping techniology. This work was funded by DARPA optofluidic
center at California Institute of Technology.
Electro-opotic photonic wireless receiver: Demonstration of the First photonic wireless RF/microwave receiver
based on electro-optic LiNbO3 microdisk optical resonator (This technology is transferred to NASA Glenn
Research Center for further development.)
Patents
1- "Method of Fabricating a Microresonator” (US 7,951,299 B2, 2011).
Inventors: Mani Hossein-Zadeh and Kerry J. Vahala
2- "High-Q Optical Resonators and Metjod of making the Same” (US 9,285,535 B2, 2016).
Inventors: Mani Hossein-Zadeh and Ravinder K. Jain
Mani Hossein-Zadeh –NSF Bio
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3- "Photonic RF Down-Converter Based on Optomechanical Oscillation" (US 9,246,529 B2, 2016).
Inventors: Mani Hossein-Zadeh and Kerry J. Vahala.
4- "Low Power Photonic Control of Microwave Power using Bulk Illumination and RF Resonance” (US
9,306,265 B1, 2016). Inventor: Mani Hossein-Zadeh
5- "WGM-Based Molecular Sensors" (US 9,482,608 B1, 2016).
Inventors: Mani Hossein-Zadeh and Ravinder K. Jain
6- "Sensors using Optical RF Oscillators" (US 9,541,528 B2, 2016)
Inventor: Mani Hossein-Zadeh
Most Relevant Publications:
1. M. Hossein-Zadeh, and K. J. Vahala, “Fiber-taper coupling to Whispering-Gallery modes of droplet
resonators embedded in a liquid medium”, Optics Express, vol. 14(22), pp. 10800-10810, Oct 2006.
2. F. Liu, S. Lan and M. Hossein-Zadeh, "Application of dynamic line narrowing in resonant optical sensing”,
Optics Letters, vol. 36, no. 22, pp. 4395-4397, Nov 2011. (Also appeared on Virtual Journal for Biomedical
Optics (VJBO), Vol. 7(1), Jan 2012).
3. M. Hossein-Zadeh, J. Delgado, F. E. Schweizer, R. Lieberman, “Sub-micron opto-chemical probes for
studying living neurons”, SPIE Proceedings: Neural Imaging and Sennsing 100510G (2017).
4. F. Liu, S-H Alaie, Z. C. Leseman, and M. Hossein-Zadeh, "Sub-pg mass sensing and measurement with
optomechanical oscillator", Optics Express, vol. 21, no.17, pp. 19555-19567, (Also appeared on Virtual
Journal for Biomedical Optics (VJBO), Vol. 8(9), Oct. 2013)
5. Y. Deng, F. Liu, Z. C. Leseman, and M. Hossein-Zadeh, “Thermo-optomechanical oscillator for sensing
applications”, Optics Express, vol. 21, no. 4, pp. 4653–4664, Feb 2013.
Other Representative Publications:
1. Y. Deng, R. K. Jain, and M. Hossein-Zadeh, "Demonstration of a cw room temperature mid-IR
microlaser", Optics Letters, vol. 39, no.15, pp. 4458-4461, Aug. 2014
2. M. Hossein-Zadeh, H. Rokhsari, A. Hajimiri and K. J. Vahala, “Characterization of a radiation-pressuredriven optomechanical oscillator”, Physical Review A, vol. 74(2), 023813, Aug 2006. (Also appeared on
Virtual Journal of Nanoscale Science & Technology, Vol. 14(10), Aug. 2006)
3. B. Way, R. K. Jain, and M. Hossein-Zadeh, "High-Q Microresonators for mid-IR light sources and
molecular sensors", Optics Letters, vol. 37, no. 21, pp. 4389-4391, 2012.
4. M. Hossein-Zadeh, and A. F. J. Levi, “14.6 GHz LiNbO 3 microdisk photonic self-homodyne RF receiver”,
IEEE Microwave Theory and Techniques - special issue on Microwave Photonics, vol. 54(2)-part 2, pp.
821-831, Feb 2006.
Synergistic Activities
Introducing two new courses at UNM s ECE department (Since 2011):
“ECE 499: Introduction to modern biosensor technologies and ECE 599: Microwave Photonics”
Introducing nanoscience and nanotechnology (NS&NT) topics in core courses in ECE undergraduate
curriculum and involving undergraduate students in NS&NT research activities.
Several Invited talks for UNM OSA/SPIE Student chapter, UNM-OSE Seminar series and UNM- Center
for Quantum Information and Control (CQuIC), and UNM mechanical Engineering department on
Optomechanical interaction, optomechanical oscillation, optomechanical RF signal processing.
Presented a talk at Southwestern Indian Polytechnic Institute (SIPI), Advance Technical Education
Department: “Introduction to Photonics”. This talk was designed for Native American undergraduate
students with no background in optics as their first exposure to the subject of Laser and generally
Photonics.
Journal Referee
Electronic Letters, Optics Express, Physical Review Letters, Nature Photonics, Nature Communications,
Optics Letters, Physical Review A&B, Photonics Technology Letters, Journal of Lightwave Technology,
Optics communications.
Awards and honors
• University of New Mexico ECE Department Distinguished Teacher Award (May 2011)
• NSF Career Award (Jan 2011)
• 2-years postdoctoral fellowship from Center for Physics of Information (CPI), California Institute of
Technology. (Sept 2006-Sept 2008)
Professional memberships
Institute of Electrical and Electronic Engineers (IEEE), Senior member.
Optical Society of America (OSA), Senior member.
Mani Hossein-Zadeh –NSF Bio
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Edl Schamiloglu
Professional Development
(1) List conferences and workshops the they organized, chaired or developed
Technical Area Coordinator for the IEEE International Conference on Plasma Science (2019 and
2020)
(2) List number of conferences/workshops they attend each year. Number of invited talks.
2018 – 11 conferences, 1 invited talk
2019 – 8 conferences, 1 invited talk
(3) List any program reviews (academic programs, funding agencies, etc.) attended.
2018 – 6 funding agency reviews
2019 – 6 funding agency reviews
(4) List any mentoring programs or outreach activities.
2018 and 2019 – open house of my laboratory for high school students; graduate student
recruitment events
(5) Any other professional development (e.g. sabbaticals, teaching evaluations, etc.)
Teaching evaluations out of 5.0:

Mansoor Sheik-Bahae
Distinguished Professor, Dept. of Physics & Astronomy, University of New Mexico, USA
Researcher unique identifier(s) https://orcid.org/0000-0001-5703-3653
Web site: http://msbahae.unm.edu/
E-mail: msb@unm.edu
•

EDUCATION
1987
Ph.D. Electrical Engineering (Electro-Physics), State University of New York (SUNY) at
Buffalo, New York, USA
1982
M.S. Electrical Engineering, Catholic University of America, Washington D.C. USA
•

CURRENT POSITION(S)
2014 – now Distinguished Professor, Department of Physics and Astronomy, University of New
Mexico, Albuquerque, NM USA
2016-now
Director, Multidisciplinary Approaches to Radiation Balanced Lasers (MARBLe), UNM
•

PREVIOUS POSITIONS
1994 – 2014 Professor, Department of Physics and Astronomy, University of New Mexico,
Albuquerque, NM USA
2003 – 2009 General Chair, Optical Science and Engineering (OSE) Program - University of New
Mexico, Albuquerque, NM USA
2004 – 2010 Director of Consortium for Laser Cooling in Solids (CLCS)
1987 – 1994 Research professor, Center for Research and Education in Optics and Lasers (CREOL),
University of Central Florida, Orlando, Florida , USA
•

FELLOWSHIPS AND AWARDS
2012
Optical Society of America (OSA) R. W. Wood Prize (shared with Eric van Stryland)
2000
Fellow, Optical Society of America (OSA)
1996
National Science Foundation (NSF), CAREER Award (USA)
1990
Engineer of the Year Award, IEEE/LEOS (Orlando, Florida), USA

•

SUPERVISION OF GRADUATE STUDENTS AND POSTDOCTORAL FELLOWS
1987 – 2019
Graduated 17 PhD Students, 10 Postdocs, 5 MS Students
•

TEACHING ACTIVITIES
1994 –now
Professor, Teaching many graduate and undergraduate courses in Optical Science and
Engineering (OSE) and Physics, University of New Mexico, USA
•

ORGANISATION OF SCIENTIFIC MEETINGS
2007– 2016
Conference co-chair on Optical and Electronic Cooling in Solids, SPIE- Photonics West
2017– now
Conference co-chair on Photonic Heat Engines: Science and Applications, SPIE- USA
2016– 2018
Conference co-chair on Tri-Technology Device Refrigeration –TTDR, SPIE- DCS, USA
1999– 2004
Chair and member of subcommittee Applications of Nonlinear Optics for CLEO, USA
2010– 2013
Topical Editor, Journal of Optical Society of America (B).
•

INSTITUTIONAL RESPONSIBILITIES
2013 – 2015
Member, Board of Directors of UNM’s Science and Technology Transfer Corporation
STC.UNM (13-15)

•

REVIEWING ACTIVITES
2018 Member of Academic Program Review Board, Dept. of Civil Engineering, UNM
1998 –1999
Member of New Focus Student Award Committee, Optical Society of America, USA
2004 –2006
Member of Holonyak Award Committee , Optical Society of America, USA
•

MEMBERSHIPS OF SCIENTIFIC SOCIETIES
Optical Society of America (OSA), IEEE (USA), SPIE (USA)

• RESEARCH SUMMARY & PUBLICATIONS:
Total Citations: >20,000 h-Index = 46
With coworkers, invented the Z-scan technique, and developed quantum-mechanical theory for
optical nonlinearities in the transparency of semiconductors. Performed pioneering experimental
and theoretical work on laser cooling in solids. Invented the MOSAIC technique for ultrashort
pulse diagnostics. Pioneered the field of DBR-free (Membrane) Semiconductor Disk Lasers
(knowns as MECSELs).
Selected Recent Publications:
1. Laser Cooling of Solids, R. I. Epstein & M. Sheik-Bahae, in McGraw-Hill Yearbook of
Science and Technology 2011, pp. 174-177, ISBN: 978-0071763714 (December , 2010)
2. DBR-free Optically Pumped Semiconductor Disk Lasers, Alexander R. Albrecht, Zhou Yang,
and Mansoor Sheik-Bahae, (2019), in Vertical External Cavity Surface Emitting Laser
(VECSEL) Technology and Applications. Wiley-VCH (2020)
3. Denis V. Seletskiy, Mansoor Sheik-Bahae, et al. “Laser Cooling of Solids to Cryogenic
Temperatures”, Nature Photonics, 4, 161-164 (2010)
4. (Invited) M. Sheik-Bahae and R.I. Epstein, “Optical Refrigeration: Advancing toward an allsolid-state cryocooler”, Progress Article, Nature Photonics, Vol. 1, 693-699 (2007).
5. D. Seletskiy, M. P. Hehlen, R. I. Epstein, and M. Sheik-Bahae, ”Cryogenic Optical
Refrigeration” Invited Review Article, Adv. Optics and Photonics, 4 78-107 (2012)
6. S. D. Melgaard, M. Sheik-Bahae, et al.“Optical refrigeration to 119 K, below National
Institute of Standards and Technology cryogenic temperature,” Opt. Lett., vol. 38, 2013.
7. Melgaard SD, Albrecht AR, Hehlen MP, Sheik-Bahae M. “Solid-state optical refrigeration to
sub-100 Kelvin regime,” Scientific Reports. 2016; 6:20380
8. M.P Hehlen, M. Sheik-Bahae, et al. “First demonstration of an all-solid-state optical
cryocooler,” Nature- Light: Science & Applications 7 (1), 15 (2018)
9. S Rostami, AR Albrecht, A Volpi, M Sheik-Bahae, “Observation of optical refrigeration in a
holmium-doped crystal,” Photonics Research 7 (4), 445-451 (2019)
10. Z. Yang, D. Lidsky, M. Sheik-Bahae, “Gain-embedded meta mirrors for optically pumped
semiconductor disk lasers,” Optics Express, Vol. 27, No. 20 / 27882 (2019)
Other Scholarly Activity (since 2009): 26 Invited Presentations in International Conferences,
and 15 Invited Seminars at International Institutions and Universities. 9 US Patents

APPENDIX B: PREVIOUS APR OUTCOMES REPORT

Report'of'Academic'Program'Review'Committee'for'Optical'Science'and'Engineering'(OSE)3<10<2010'
Eric'Van'Stryland,'James'Wyant,'Venkatesh'Narayanamurti,'Deepak'Kapur'
'
We'all'wish'to'thank'everyone'we'met'on'our'visit'for'the'incredible'hospitality'as'well'as'the'very'clear'
descriptions'and'presentations'of'the'challenges'of'the'OSE'program'development.''We'were'impressed'
at'all'levels'with'the'candidness'and'willingness'to'listen'to'ideas.'''While'we'were'aware'of'the'‘optics’'
program'at'UNM'and'in'particular'with'CHTM,'we'were'all'surprised'at'the'strength'of'the'‘overall’'
optics'and'photonics'effort.''Each'of'us'was'only'aware'of'portions'of'the'optics/photonics'research.'
There'were'more'faculty'members'and'more'varied'research'of'high'quality'than'each'of'us'had'
thought.'This'is'indicative'of'the'current'fractionation'of'the'optics/photonics'work'at'UNM.'Our'
remarks'in'answer'to'the'questions'we'were'asked'by'the'vice<provost'reflect'our'thoughts'on'how'
UNM'can'take'much'better'advantage'of'the'impressive'programs'in'optics/photonics'(O/P).''
We'were'asked'by'the'administration'to'serve'on'the'Academic'Program'Review'(APR)'team'for'the'
Optical'Science'and'Engineering'Program.''Our'comments'below'are'aimed'at'a'broader'view'rather'
than'just'the'OSE'program'since'there'are'other'‘optics/photonics’'(O/P)'programs'running'in'parallel.''It'
was'also'explained'to'us'that'what'is'done'with'this'interdisciplinary'program'will'set'a'precedent'for'
other'interdisciplinary'programs'on'campus'and'we'have'kept'this'in'mind'with'our'recommendations.''
Before'we'go'into'our'answers'and'recommendations'to'your'six'questions,'we'would'like'to'describe'a'
little'about'what'O/P'encompasses'and'its'status'in'the'research'community.''Over'the'past'30<40'years'
there'has'been'a'tremendous'increase'in'the'importance'of'‘optics’'in'a'variety'of'traditional'disciplines'
due'to'the'enabling'technologies'that'‘optics’'has'allowed.''Even'a'new'word'describing'the'field'has'
evolved,'‘photonics’'(derived'from'the'photon)'in'analogy'to'electronics'(derived'from'the'electron).'
New'research'in'the'manipulation'of'light'combined'with'manipulation'of'electronics'is'enabling'
incredible'advances'in'optical'telecommunications'which'we'use'daily.'And'we'all'know'about'LASIK'
surgery,'the'DVD'(Blue'Ray'–'shorter'wavelength'DVD’s'with'more'storage'capability),'and'optical'
lithography'that'allows'the'writing'of'smaller'and'smaller'feature'sizes'that'drives'the'increased'
capabilities'of'digital'memory'and'computer'speeds'(Moore’s'Law).'''
These'are'a'just'a'few'of'the'myriad'of'examples'of'how'O/P'affects'our'daily'lives,'and'this'is'just'the'
beginning.''UNM'is'doing'world<class'research'in'many'of'these'arenas.'The'lithography'patents'are'now'
starting'to'bear'fruit,'lasers'are'being'used'to'cool'solids'(a'recent'Nature'paper),'ultrashort'pulses'are'
being'used'to'control'lightning.''Such'research'at'the'cutting'edge'of'science'and'technology'has'evolved'
on'the'UNM'campus'in'multiple'departments'and'in'an'ad<hoc'manner.'''Concurrently,'visionary'faculty'
members'have'proposed'academic'programs'to'reflect'the'changing'research'landscape'in'O/P.''OSE'
developed'into'a'cross<college'interdisciplinary'program,'but'optoelectronics'also'developed'within'the'
ECE'department.'''These'programs'offer'somewhat'different'emphases'for'the'graduate'students'but'
are'still'closely'related'and'both'fit'the'definitions'of'optics'and'photonics.''Thus,'our'first'
recommendation'is'to'combine'all'these'programs'–'optics/photonics/optical'science'and'
engineering/optoelectronics'under'a'single'umbrella,'henceforth'called'optics'and'photonics'(O/P).'''

Let'us'close'this'brief'diversion'describing'how'O/P'has'become'an'important'international'research'
area'restating'the'tremendous'opportunity'for'UNM'to'distinguish'itself'from'the'many'universities'that'
have'a'little'bit'of'O/P'in'‘a’'department.''UNM’s'combined'O/P'research'places'it'among'only'a'few'
universities;'however,'this'is'a'stealth'program'as'was'commented'to'us'during'our'visit.''Building'this'
program'in'terms'of'infrastructure'and'combining'programs'will'allow'much'better'marketing'and'make'
UNM'one'of'the'few'places'to'go'for'students'interested'in'O/P.''
We'were'specifically'asked'the'following'six'questions'in'the'letter'from'Vice'Provost'Wynn'Goering.'
1. Are'the'resources'dedicated'to'the'UNM'OSE'program'sufficient?'
The'APR'team'considered'this'a'rhetorical'question.'There'is'very'little'current'support'for'the'
program'above'and'beyond'the'normally'funded'department'services'–'basically'only'a'half<time'
administrative'assistant'(the'other'half'paid'from'a'faculty'member’s'funds.''Now'that’s'dedication!)'
and'a'small'buyout'of'time'to'help'run'the'program.''Clearly'if'the'program'is'to'continue'and'grow,'
a'funding'source'needs'to'be'identified.''Options'are'available,'each'with'its'own'challenges.'''
As'a'short<term'measure'to'fund'the'continuation'of'this'program'with'some'level'of'advancement'
(if'not'growth)''there'are'a'couple'of'options:'use'returned'indirect'from'optics/photonics'contracts'
(the'only'problem'we'see'with'this'is'that'many'of'the'proposals'already'go'through'CHTM'so'that'
much'of'this'funding'is'already'spoken'for'research).''Another'option'is'to'use'tuition'generated'by'
optics'students'to'support'the'program.''Either'should'provide'enough'support'to'hire'staff'and'
perhaps'provide'some'release'time'to'run'the'combined'optics'programs'(this'presumes'that'the'
O/P'programs'will'be'combined,'something'the'APR'team'recommends).''
In'order'to'increase'funding'for'the'combined'O/P'program,'we'recommend'using'(at'least'a'good'
portion'of)'tuition'return'immediately'while'a'mechanism'for'full'tuition'return'is'developed'in'the'
near'future;'all'optics/optoelectronic/photonics'students'ought'to'be'counted'for'this'purpose.''We'
looked'at'the'minimal'request'in'the'self<study'report,'and'this'committee'considers'this'bare'
bones.'
2. Should'the'OSE'program'evolve'its'own'hiring'plan'separate'from'the'two'administering'
departments?''
If'O/P'is'to'grow,'the'faculty'of'the'program'must'decide'who'(and'in'what'directions)'to'hire!''''Of'
course,'given'the'responsibility'to'do'its'own'hiring'will'require'a'significant'buildup'of'
administrative'infrastructure.''The'O/P'faculty'will'have'to'unite.''The'head'of'the'O/P'program'will'
need'release'time/support.''A'hiring'committee'will'need'to'be'established'(there'are'many'
different'models'for'doing'this'–'a'new'one'for'each'hire'or'a'standing'committee'to'look'at'
opportunities…).''And'there'is'then'the'problem'of'finding'the'resources'to'pay'the'salary'of'the'
new'hire.''This'would'require'a'“budget”!''At'some'point'this'begins'to'look'like'a'
department/school/college.'

Cleary'Arizona'has'succeeded'well'from'the'beginning'with'a'separate'academic'unit'handling'the'
O/P'program'there.''And'Central'Florida'solved'the'myriad'of'challenges'of'having'O/P'faculty'hired'
in'multiple'departments/colleges'by'eventually'forming'a'college'of'its'own;'however,'in'both'cases'
there'was'a'budget'(continuing'resources)'that'had'been'set'up'with'the'resources'to'pay'the'
salaries'and'infrastructure'for'the'program.''This'is'not'the'case'at'UNM.''There'is'currently'no'
“budget”,'and'given'the'current'State'financial'system'it'doesn’t'appear'that'there'will'be'
substantial'new'funds'available'for'some'time.'Thus'this'model'does'not'appear'viable'at'UNM.'The'
bare<bones'budget'we'recommend'implementing'in'the'short'term'won’t'supply'enough'funds'to'
hire'faculty.''So,'until'such'time'as'a'source'of'funds'large'enough'to'pay'faculty'salaries'is'‘found’,'
negotiations'with'departments'that'may'have'interest'in'O/P'will'be'required.'
Therefore,'the'departments'contributing'O/P'faculty'need'to'be'‘enticed’'to'contribute'more'faculty'
in'the'future.'This'could'primarily'include'ECE'and'Physics'in'the'immediate'future.'Given'that'O/P'is'
a'pervasive'enabling'technology'for'many'other'disciplines,'collaborations'(including'joint'faculty'
appointments'and'faculty'hires)'should'be'explored'with'Biology,'Chemistry,'Medicine,'ME,'and'CS.'
One'enticement'is'already'present'in'the'statistics'that'O/P'faculty'has'an'average'productivity'of'
~1.5x'the'average.'
While'democratic'departments'have'arguments'to'build'in'other'areas'we'recommend'building'
upon'strengths.''We'recommend'that'the'administration'work'with'colleges'to'reserve'faculty'lines'
for'future'O/P'hires'(similar'to'prior'hires'for'CHTM).''
Since'the'O/P'programs'currently'have'no'female'members'a'diversity'position'could'be'a'priority.'
3. How'can'we'improve'the'external'visibility'of'the'program'and'thus'our'student'recruitment'as'
well'as'program'ranking?'
The'current'situation'is'confusing.'The'O/P'faculty'is'spread'around'the'campus'in'various'
departments'with'little'visibility'of'connectivity'from'the'outside.'''Also,'since'the'O/P'programs'are'
fractionated,'the'‘whole’'doesn’t'get'the'visibility'it'could'if'combined.'''CHTM'gets'more'visibility'
than'O/P'at'UNM,'and'of'course'a'lot'of'O/P'research'is'done'there.''Looking'at'the'UNM'website,'
optics'and'photonics'are'not'found'without'a'good'search.'
If'the'optics'programs,'tracks,'efforts'were'combined'into'a'single'‘program’'the'external'visibility'
would'certainly'increase;'however,'this'would'also'create'many'new'opportunities.'''
The'university'needs'a'few'key'areas'of'research'to'promote.''Optics/photonics'could'become'one'
with'just'a'little'more'support/effort.''This'could'take'advantage'of'local'sources'of'funding.''The'
~1.5'x'return'on'investment'received'for'O/P'faculty'members'would'increase'university'funding.''
'A'unified'graduate'student'population'is'also'a'possibility.''Having'a'signature'student'capability/'
knowledge'is'important'in'branding'and'thus'marketing.''Giving'the'O/P'classes'their'own'
designation'and'cross'listing'them'will'present'a'more'unified'outside'image.''The'increased'visibility'

would'result'in'an'increased'quality'of'students'and'easier'recruitment'(of'both'students'and'
faculty).''''
Increased'interaction'with'Sandia,'ARL,'Los'Alamos'and'local'industry'might'also'follow'if'properly'
marketed.''Assigning'a'faculty'member'as'the'liaison'would'help'this'move'forward.''This'would'
require'time'and'therefore'release'time.'
4. Should'the'OSE'program'have'a'Bachelors'level'undergraduate'degree'program'in'OSE'with'
participation'from'the'Physics'Department'and'Electrical'and'Computer'Engineering'
Department?''
Until'all'of'the'administrative'challenges'are'settled'for'the'MS'and'PhD'we'suggest'waiting.''This'
could'be'part'of'a'long<term'goal'in'the'program’s'strategic'plan.''Investigating'the'models'used'at'
other'institutions'could'be'useful.''
5. Should'OSE'expect'stronger'participation'from'the'Center'for'High'Technology'and'Materials'in'
the'administration'and'oversight'of'the'OSE'program?''
Certainly'CHTM'needs'to'provide'a'leadership'role'in'promoting'the'O/P'program'at'UNM.''
However,'CHTM'cannot'be'looked'upon'as'a'source'of'funding'since'it'relies'on'external'funding'
itself.'''Thus'CHTM'can'serve'as'a'home'for'research'facilities'and'proposal'infrastructure'and'as'a'
strong'advocate'for'the'academic'program.''''
CHTM'can'provide'a'very'important'integrative'and'research'role'in'broadening'the'program'into'
emerging'areas'of'biophotonocs,nanophotonics'and'medical'research.'
6. Should'OSE'have'an'external'advisory'board?'
Yes'.''The'makeup'should'certainly'include'leaders'from'Sandia,'Los'Alamos,'and'ARL,'along'with'
local'industry'leaders.''These'local'people'could'really'help'if'they'are'made'to'feel'like'stakeholders.'
They'will'be'hiring'students,'providing'internships,'being'collaborators','and'even'provide'funding.'
And'they'have'some'pretty'impressive'infrastructure'that'also'might'be'leveraged.'
It'is'quite'clear'to'the'review'team'that'this'interdisciplinary'program'has'been'severely'neglected'by'the'
administration'of'UNM'for'a'long'time.'It'is'pleasing'to'note'that'the'relatively'new'administration'of'the'
university'now'appears'prepared'to'address'the'challenges'and'opportunities'of'interdisciplinary'
programs'including'those'that'cross'traditional'college'boundaries.''The'optics/photonics'programs'that'
have'developed'via'physics'and'ECE'were'formed'by'the'entrepreneurial'spirit'of'a'few'faculty'members.''
It'is'largely'due'to'their'hard'work'that'these'programs'have'done'well'despite'the'lack'of'resources.'
The'APR'team'is'convinced'that'the'optics/photonics/optical'science'and'engineering/optoelectronics'
program'will'not'only'survive'but'can'do'much'better'if'the'university'provides'support'for'the'program'
in'terms'of'staff,'TA'support'and'hiring.''

Along'with'this'support'for'this'interdisciplinary'program,'we'recommend'that'a'single'individual'in'the'
administration'be'chosen'for'the'reporting'structure.''This'should'be'someone'able'and'willing'to'help'
increase'the'national'and'international'stature'of'the'O/P'program.'
Finally,'we'strongly'recommend'that'all'of'the'O/P'faculty'members'begin'regular'meetings'and'draft'a'
strategic'plan'to'coalesce'the'various'aspects'of'O/P'important'to'the'faculty'at'UNM.'This'could'also'
include'a'charter'defining'membership,'duties,'etc.'''Looking'at'other'approaches'could'be'useful,'so'we'
have'included'as'an'appendix'an'early'charter'for'CREOL'prior'to'their'becoming'a'school.'
'
'
Summary'of'Recommendations:'
•
•
•
•
•
•
•
•
•
•

Combine'optics/optoelectronic/photonics'programs'under'a'single'umbrella'
Use'tuition'return'to'fund'‘program’'as'soon'as'is'possible'
Recommend'administration'work'with'colleges'to'reserve'faculty'lines'for'future'O/P'hires'
(similar'to'prior'hires'for'CHTM).''
Assign'liaison'to'local'labs/industry'with'release'time'if'possible.''
Wait'on'starting'a'bachelor’s'program'until'the'optics/photonics'combined'program'is'well'
established'
Recommend'increased'academic'participation'from'CHTM'–'primarily'a'stronger'advocacy'role.'
Get'the'local'leaders'involved'as'stakeholders'to'build'relations.''Include'them'in'the'
preparation'of'the'strategic'plan.'
Recommend'that'the'‘program’'report'to'a'single'individual''
Look'at'potential'ways'to'house'optics/photonics'faculty'nearby,'e.g'2nd'phase'of'build'out'of'
CHTM,'addition'to'future'physics'building,'…'
Optics/photonics'faculty'develop'strategic'plan'
'

What'does'university'gain?'
•

Need'key'areas'of'research'to'promote'
–

Optics/photonics'could'become'one'with'just'a'little'effort'

–

Takes'advantage'of'local'sources'of'funding'

–

~1.5'x'return'on'investment'which'could'increase'

–

Higher''quality'of'students'

–

Possible'shorter'time'to'graduation'with'better'advisement'

–

Easier'recruitment'(students'and'faculty)''

–

Happy'faculty'

–

Satisfied'local'labs'and'industry'

–

Support'in'lobbying'with'legislature'

–

.'.'.'.'

Eric'W.'Van'Stryland'
'
'
James'Wyant'
'
'

'

Venkatesh'Narayanamurti'''
'
'
Deepak'Kapur
'
'
'

'

'

APPENDIX C: IPAQT EFFORT AND PROPOSAL

June 7, 2019

To:

Faculty Senate and others interested

From:

Richard Wood, Interim Provost & Executive Vice President for Academic Affairs

Subject:
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I hereby lend the full support of the Office of the Provost to the request of UNM faculty
affiliated with the Optical Science and Engineering (OSE) Program for the formation of an
Institute (tentatively named I i e f Ph
ic a d Q a
Tech l gie : IPaQT that
will primarily serve as an umbrella organization housing all the Optics and Photonics degree
programs at UNM. This institute, while having its main mission in education, will have a major
focus on research, and acts as a bridge between the research active faculty that are housed within
various departments and interdisciplinary research centers at UNM (such as CHTM and CQuIC).
The formation of IPaQT will be used as a vehicle to promote, advertise and thus significantly
e ha ce he i e a i a i ibi i
f he UNM
cce f
h
ic e ea ch a d ed ca i a
programs. This will in turn strengthen our ability for recruit to recruit graduate students and
high-profile faculty in a highly competitive area of photonics and quantum sciences. I also
expect and hope that with this Institute, a more efficient reporting and organizational structure
will be put in place that will help the director, the participating faculty of the Institute, and the
UNM ad i i a i
effec i e c
ica e a d ad a ce he IPaQT dec a ed i i
of interdisciplinary education and research at UNM.
In a December 18, 2018 meeting of the OSE Executive Committee (including Deans of SoE,
A&S, Graduate Studies, chairs of ECE and P&A departments, CHTM director and OSE chairs,
plus a representative of the Interim Provos)t, the formation of this Institute was discussed at
length and was strongly supported by all parties.
For more information regarding the history of OSE and other photonics-related education and
research activities at UNM, and more detailed rationale for the formation of this institute, please
see the attached white paper prepared by Profs. Sheik-Bahae (P&A) and Balakrishnan (ECE).
Thank you for your consideration of this request.

________________________________________________________________________
The University of New Mexico Scholes Hall Room 240 MSC05 3400 1 University of New Mexico Albuquerque, NM 87131
Phone: 505 277 2611 Fax: 505 277 8700 Email: provost@unm.edu URL: www.provost.unm.edu
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f UNM

Institute for Photonics and Quantum Technologies (IPaQT)
Mansoor Sheik-Bahae (P&A, OSE General Chair)
Ganesh Balakrishnan (ECE, OSE co-Chair)
August 2018
Summary: We propose the establishment of an educational institute named Institute for Photonics and
Quantum Technologies (IPaQT), which will bring together under one umbrella all optics and photonics
(O&P) related activities at UNM without requiring any change to their current administrative structure.
This interdisciplinary institute aims at housing various degree programs affiliated with O&P, and will
include faculty and students from a number of departments and research centers at UNM. We do not
request nor anticipate a need for any new financial resources from UNM for starting this initiative, which
is mainly intended to raise the external visibility as well as improve the internal coordination of O&P
activities at UNM.

I. Background.
History: For the past 30 years, UNM has hosted one of most productive and successful optics and
photonics research and education programs in the nation. The Optical Science and Engineering (OSE)
graduate degree program, established in mid-1980 and jointly administered by the Departments of
Physics and Astronomy (P&A) and Electrical and Computer Engineering (ECE) since its inception, is one
of the oldest interdisciplinary programs of its kind and has produced well over 200 PhD and MS degrees.
Our graduates have moved on to fruitful careers in academia, industries, and national laboratories, and
many have established themselves as world renowned scholars, scientists and industry leaders. Currently
there are more than 60 PhD graduate students in the program, and on average the program produces 5-6
PhD each year. OSE is a shining example of a highly successful interdisciplinary program at UNM with
more than 35 affiliated faculty participating from the departments of P&A, ECE, Chemistry, Chemical
and Biological Engineering, and Mathematics. Many of the affiliated faculty also belong
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various research centers. The Center for High Technology Materials (CHTM), in particular, has played a
major role in sustaining and energizing this program, and nearly half of the affiliated faculty are housed
at CHTM. The Center for Quantum Information and Control (CQuIC) is a more recent affiliated center
whose members have supervised several OSE graduate students. The annual research funding of the OSE
affiliated faculty is estimated to exceed $10M (the grants are run through various departments and centers).
The OSE program is currently administered by a General Chair and a Co-Chair who report to an executive
committee comprised of the Deans of OGS, School of Engineering and College of Arts & Sciences.
The OSE program held its first full academic program review (APR) in the spring of 2010 where a
distinguished panel reviewed the program extensively during a 3-day visit. This committee subsequently
drafted a report that offered a number of specific recommendations toward the sustainability and growth
of the program in the next decade. Among their top recommendations was branding OSE and the OptoElectronics (OE) program in ECE under one umbrella, which the proposed IPaQT can fulfill. The OE
program is a very visible concentration in the PhD and masters degree programs in the ECE department.
Currently, there are seven ECE faculty who are associated with the OE concentration and are also affiliated
with the OSE program. The average enrollment in the OE concentration in a given semester is about 32

(25 PhD and 7 MS) graduate students. In the past 2 years, ECE has graduated 5 PhD and 8 MS degrees
in the OE concentration.
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State and National Strategic Relevance: Among the handful of successful optics programs at our peer
ins i i , UNM OSE
g am ha a i ely enviable advantage of close proximity to three major
national laboratories, namely Sandia National Labs (SNL), Los Alamos National Lab (LANL) and Air
Force Research Lab (AFRL). All of these labs have extensive efforts in optics and photonics related
research that play a crucial role in fulfilling
ai
e e g a d defe e i i ie . The O&P affiliated
faculty from ECE, P&A and other departments have consistently and productively taken advantage of this
opportunity by establishing multitudes of research collaborations with these labs. Many of our graduates
have also been recruited by these laboratories and now occupy important scientific and leadership
positions at these institutions. More generally, optics and photonics have long been recognized as a
thriving industrial activity in New Mexico. For example, New Mexico is one of only a handful of states
in the nation with a long-standing industrial cluster in optics (nmOptics.com). Moreover, the New Mexico
Office of Science and Technology (OST) has declared Photonics as one of only four major priorities for
the future economic development of our state. According to an OST report in 2014, there are 96 photonicsrelated firms in NM producing $28B in revenue, and employing >6200 personnel. At the national level, a
2013 report titled O ic a d Ph
ic , E e ial Tech l gie f O Na i ,
oduced by the
National Academy and supported by funding from DARPA, NSF, NIST, ARO, DOE, AFOSR, NRC,
OSA, and SPIE, highlighted the continuing and emerging impact of optics and photonics on the national
economy. With its O&P infrastructure already in place and with UNM providing a robust pipeline of a
highly dedicated and locally trained work force, New Mexico can be a major player in an O&P-based
industrial economy.
II. Rationale for Urgency:
Formation of the proposed I i e, followed up by an aggressive public relations campaign, can
provide substantial benefits to UNM that include (a) enhanced national and international visibility and
reputation, (b) ability to attract high caliber faculty and students, (c) increased prospects for federal
funding for large centers/programs, (d) potential rise in its national ranking (e.g., US News and World
Report or NRC Report), and (d) increased, higher-quality, more domestic graduate student enrollment in
the long term. These benefits leverage one another, intertwined as they are. Despite its impressive
statistics, the OSE program at UNM lacks a dedicated organizational structure that could help drive it to
achieve the status of a local and national force in the community of national and federal labs committed
to advancing an O&P based national priority. Its full institutionalization, as anticipated through the

creation of IPaQT, is expected to obviate the need for the program Chairs to meet with new administrators
(such as newly-hired deans in Engineering, A&S and OGS) just to introduce this program in every cycle.
With a modest annual operating budget of less than $50K (provided by A&S, SoE, OGS, and
supplemented by ECE, P&A and CHTM), that includes the salary of a part-time program coordinator, this
program has managed to be successful primarily due to the dedication of its faculty to education and
research. During these last two decades, however, many of our peer institutions who started with similar
programs have moved on to establish Schools or Colleges of Optics and/or Photonics with vast resources
at their disposal. Such major transformations were made possible not only due to a strong institutional
commitment but also a strong mandate and financial support from their state legislature. However, we do
not seek nor wish to pursue the formation of a separate College. Rather, we propose to establish an
i e di ci li a ed ca i al I i e ha aim a b i gi g OSE deg ee
g am , ECE OE
concentration, and P&A Bachelors of Science degree with Photonics concentration, as well as the
Biophotonics program (in Physics) under a single, visible and prominent umbrella with a distinctive name,
the Institute for Photonics and Quantum Technologies (IPaQT). This Institute, while maintaining its
strong connections with CHTM, will further strengthen its affiliation with CQuIC and other related centers
of excellence at UNM.
IPaQT would not be a mere re-branding or face-lift of the OSE program and the OE concentration in ECE,
but the increased visibility and added formal structure can facilitate the following activities, benefits, and
characteristics that are presently much harder to achieve:
1. The presence of an Institute can offer new opportunities for much needed and well-coordinated public
relations, advertisement, student recruitment, and funding campaigns for these programs on the
national scene. In view of the ongoing upheaval in the US immigration policies and the fact that a
major fraction of our current OSE graduate students are international, the formation of IPaQT will be
timely and critical as a tool to energize our domestic recruitment.
2. The current OSE seminar and Distinguished Lecture series could expand to include one or more IPaQT
hosted annual O&P conferences in key topical areas, as they develop and strengthen, to increase the
a i al
mi e ce f UNM overall O&P enterprise.
3. IPaQT can offer fee-based workshops, short courses, online courses, and certificate programs as
needed to expand the compass of its activities, while bringing in vital external resources to fund its
growth.
4. All of the above activities are most effectively accomplished under the structure and label of an
Institute, rather than the current label of a mere program.
5. As an important side benefit, we also hope to establish a more centralized reporting mechanism with
the I i e Director reporting directly to OGS Dean while maintaining an Internal Executive (or
Advisory) Committee consisting of our major stake-holders, including the A&S and SoE Deans,
Office of the Provost, OVPR, ECE and P&A department chairs, and CHTM director.
III. Cost:
Understanding the current overall budgetary shortfalls at UNM, we do not seek any additional resources
from UNM to jumpstart this initiative. However, to sustain an aggressive advertisement and publicity
campaign, and to defray other potential costs that may arise (such as hosting national workshops and
distinguished lecture series, quarterly electronic newsletter, etc.), we propose to impose differential tuition
as well as course fees. Additionally, IPaQT will work closely with the New Mexico Optics Association

(nmOptics.com) to establish an Industrial Affiliates base, and will subsequently seek donations to support
IPaQT activities that will be mutually beneficial to both parties. We, of course, welcome any additional
resources from UNM to support and augment our activities (such as a reduced teaching load for the
director), but we are not specifically requesting any such resources to form IPaQT.

IV. Tentative Organization:
Our proposal to bring the various degree programs under one umbrella does not require that the
participating academic departments/programs will relinquish their control and oversight of the Institute
faculty or programs, nor does it require the commitment of any additional resources. In particular, ECE
OE concentration will remain to be part of ECE, and similarly, the BS-Photonics concentration will be
continue to be a P&A degree program. The formation of IPaQT aims at achieving a better internal
coordination of efforts and a greater external visibility of UNM
ic a d h
ic e e i e
improve student recruitment, program advertising, and the scheduling of optics and photonics-related
courses and instructors.
As depicted in the chart below, we propose the following organizational structure: The Institute will be
headed by a Director and an Associate Director in place of he c e OSE ge e al chai a d c -chair
positons. These will be term appointments, at the end of which the P&A and ECE department chairs, in
consultation with the outgoing Director and Associate Director, will appoint a new Director and a new
Associate Director, each from a different department but alternating between the two departments from
one term to the next. They will also serve as chairs of their respective Optics/Photonics departmental
committees which are formed at the discretion of their department chairs. The Director/Associate are
expected to maintain a normal faculty relationship with their department chairs with regard to teaching,
TA/GA assignments, and other matters related to departmental policies. For budgetary issues and broader
institutional affairs, the Director will report to the OGS Dean who, in turn, will maintain a close
relationship with the main stake-holders represented by an executive committee consisting of Chairs of
participating departments, the SoE and A&S Deans, and the CHTM Director. The departments, CHTM
and the SoE, A&S, and OGS Deans will continue to provide resources at current levels in terms of an
operating budget; faculty commitment; teaching, graduate, and research assistantships; and other
resources such as advertising budget. Needless to say, the proposed organizational structure is subject to
revision based on further discussions with all stake-holders. We are ready to embrace a structure that best
serves the educational missions of this Institute.
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Status of Similar Optics Programs at Peer Institutions
• University of Central Florida: CREOL (1987)
® School of Optics (2002)
• 40+ Faculty
• 160 Grad. Students
• Staff of 20

• University of Arizona: OSC
® College of Optical Sciences (2004)
• 50+ faculty
• 200 grad students
• University of Rochester (Inst. of Optics)
• 50+ Faculty
• 110 Grad. Student
• Staff of 11

• University of Alabama (Center for Applied Optics)
• 20+ Faculty
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Most recent:

The new 92,000 sq. ft. building, houses the optics program at UNC Charlotte.

One of four state priorities*

96 photonics-related firms in NM

NM Optics Industry

CINT Facilities

3 NM National Labs

New Mexico’s (and UNM’s) unique position
§
§
§
§

*Report by NM Office of Science and Technology (OST), 2014
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OSE Research Areas:
v Advanced Materials (Balakrishna, Feezell,
Shreve, Hehlen)
v Biomedical Optics (Thomas, Lidke, Osinski,
Shreve, Hossein Zadeh)
v Fibers and Fiber Optics (Jain, Hossein Zadeh,
Mafi)
v Laser Cooling in Solids (Sheik-Bahae)
v Laser Physics (Sheik-Bahae, Diels, Rudolph,
Dawson, Mafi)
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v Bio-Photonics (Lidke, Thomas, Hossein-Zadeh)
v Nano Lithography (Brueck)

v Nanophotonics (Hossein-Zadeh, Habteyes, Acosta,
Manjacavas)

v Nonlinear Optics (Sheik-Bahae, Rudolph, Diels, Mafi)

v Optical Imaging & Microscopy (Rudolf, Emmert, Prasad,
Hayat, Lidke, Mafi, Acosta)

v Photodetectors and IR/Spectral Focal–Plane Arrays
(Hayat, Zarkesh-ha)

v Microresonators (Hossein-Zadeh)

v Semiconductor Lasers (Osinski, Balakrishnan,
Feezell, Sheik-Bahae)
v Ultrafast Lasers and Phenomena (Rudolph,
Diels, Sheik-Bahae)

v Quantum Optics and Quantum Information (Prasad,

v Photovoltaics (Balakrishnan)

Caves, Deutsch, Bacerra, Acosta, Mafi, Manjacavas)

v Optical Communication (Hayat, Jain, Mafi)
v Spectroscopy (Rudolph, Emmert, Diels)
v Gamma-ray detection (Matthews)

OSE Degree Programs

Total Degree Awarded (since 1985): 255 PhDs and MS Degrees

3 MS concentrations
• Optical Science
• Photonics
• Imaging Science (Bio-Photonics)

4 PhD concentrations
• Optical Science
• Photonics
• Imaging Science (Bio-Photonics)
• Quantum Optics

ü Current Graduate Student Enrolment: 65
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ü Degrees Awarded (average per year): 6-8 PhD, 13-15 MS
ü Admissions/Year: 12-15 Gard Students

ü Assistantships/Year: 4 TA (P&A), 1-2 GA (ECE), RA’s,..
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Proposal (no cost to UNM) :
Following consultation and Recommendations by Dean Julie Coonrod
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An educational entity

Institute for Photonics and Quantum Technologies
Covers:
• OSE Graduate Program(s)
• Optoelectronic Graduate Track (ECE)
• B.S. Photonics Concentration (P&A)

What is in a name?
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Fundamental Applied Sciences
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Organization

Engineering
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National and International Visibility
Student Recruitment & Increased Enrollment
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……

Potential Benefits
•
•
•
•
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APPENDIX D: ASSESSMENT REPORTS

Periodic Report on Program Assessment of Student Learning
Academic year:

Academic Year: Fall 2016-Summer 2017

Department/Program:

Optical Science and Engineering, (OSE) Program

Degree program(s):

PhD in OSE with concentrations in Optical Science, Photonics,
Imaging Science and Quantum Optics
MS in OSE with concentration in Optical Science, Photonics,
Imaging Science, and Quantum Optics

Person(s) preparing report:

Drs. Mansoor Sheik-Bahae and Majeed Hayat

Date submitted:

December 11, 2017

I.

Describe the actions and/or plan revisions that were implemented during this reporting
period in response to the pre ious period s assessment results.
A.

In the academic year 2015-2016, the OSE program decided to add a learning outcome of
modeling/training in preparing and delivering an effective research presentation to the
outcomes assessment under the PhD program (See Learning Outcome 1.4 PhD). Students
would attend the required course entitled the OSE Seminar series and watch an expert in the
field of optics deliver an effective and professional research presentation to students, faculty
and industry partners. The representation by the optics leaders in academia, industry and the
national laboratories allowed the students to witness an effective presentation. The way the
program would measure whether the training had been received was by looking at the
average number of OSE students in attendance at the OSE Seminar Series. This year OSE
Seminar Series has served OSE very well; attendance has been upwards of 35 students,
faculty, staff and industry partners on average. It has been a great way to bring the students
and faculty together under one roof once every week. This has continued boosting the morale
of our students. The presentations have been of very high quality by prominent members of
the optics, photonics and imaging communities, which resulted in raising the expectations
within OSE.
Last year, the OSE committee has established a special award entitled the best OSE
Dissertation Award, which would go to a graduating PhD student. A committee of three
faculty members from both the Electrical and Computer Engineering, (ECE) Department and
Ph c a d A
, (P&A) De a e e e ed he
ee d e a
a d a
publication records and made a recommendation. The first honoree was awarded in May
2017. It was the OSE graduate committee hope that this special competitive award will
continue to challenge the students to bring out their best. Moreover, they hope this cash and
title incentive would translate to more concise and focused dissertation presentations and
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publications. Th acade c ea f a e a
ee a
b he g ad a g de ha e
been very strong in both their written and oral presentations. It appears that students are
responding to the incentives and competition of winning the coveted Best Dissertation
Award. We have not only seen a slight uptick in distinction honors being given, but many
students who have been average performers have also challenged themselves and improved
their final presentations.
The OSE program continues to expand its recruitment efforts by forming collaborations with
its interdisciplinary partners. Last year, the OSE program partnered with the Office of
Graduate Studies, (OGS) in utilizing OGS supplemental awards to recruit outstanding
graduate students (particularly those under-represented in their fields) for admittance to the
OSE program. The supplemental awards are up to $5000 per year for two years. The
prospective student must enroll as full time (6 credit hours and an assistantship or 9 credit
hours), must be on another assistantship through the department, and must remain in good
standing in her/his department while making progress towards a degree. This year, once
again the OSE program aggressively participated in this opportunity by submitting over four
outstanding students for the scholarships. Last year, participation in this OGS program
helped increase the program ec
e
e b $20,000.00. The program hopes to
continue to select and submit timely nominees for this available funding.
Moreover, the OSE program and the Physics and Astronomy, (P&A) department
collaborated once again in utilizing the P&A Teaching Assistantship positions as a
recruitment tool to attract the best students to the University of New Mexico, (UNM). The
P&A department has introduced an additional 10% TA supplement that is awarded after the
students first semester. The OSE Committee has created academic criteria for receiving this
additional award that ensures a strong academic and job performance is maintained. The
OSE TA supplement criteria states that students must maintain a B or better average, have a
satisfactory reference from their TA supervisor and must sit for their qualifying exams.
These parameters ensure that a student is maintaining good academic standing as well as
staying on track for their degree program. This same collaboration is taking place between
OSE and the Electrical and Computer Engineering, (ECE) department Graduate
Assistantship program as well.
B.

As discussed last year, the program filed its official form C forms to launch a new
concentration in quantum optics. The concentration was approved by the Fall 2015 term.
The OSE program in the fall of 2016 has registered three more PhD student into the new
quantum optics discipline. OSE is still in an excellent position to execute the new quantum
optics track with the hopes of adding at least 10% to our enrollment in the coming years. This
year, the OSE Committee approved a new form C that changes the quantum optics
curriculum so it has parity with the other OSE concentrations. This streamlining of the
curriculum ensures that students are receiving a comprehensive and fundamental education in
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optical science. Specifically, all concentrations will now be required to take Advanced Optics
II as well as the Experimental Techniques in Optics course. The committee believed that
adding these additional core classes to the OSE curriculum will ensure the students are
receiving a well-rounded optics education.

II.

C.

Last year, the program reported that enrollment in the imaging science track had improved
last year (2 PhD students and 1 PhD graduate). Recruitment of qualified students remains a
priority for this concentration. This year the OSE Committee (comprised of eight optics
faculty members from the Physics Department and Electrical and Computer Engineering
Department) began to revise the imaging science curriculum gives it parity with the other
well populated OSE concentrations. A form C was submitted in the Fall 2017 term changing
the Imaging Science concentration. The committee believes these curriculum changes may
make this concentration more attractive to incoming OSE students.

D.

Last year, the OSE program stated it was committed to doing a better job of tracking its
Problems course assessment forms. This collection still remains a challenge. We are looking
to implement online assessments for our faculty to help make the recording process less
tedious.

E.

The OSE Graduate Committee reviewed the 2017 Outcomes Assessment Report and to offer
any feedback or changes. The Graduate Committee approved the sending of this report to the
School of Engineering, College of Arts and Sciences a d he
he P
Off ce.

List the student learning outcomes (SLOs) that were assessed during this reporting period.
If the assessment was performed in a way that is different from that described in your
approved assessment plan, please describe the reasons for this and how the assessment was
performed.
Below is a list of the student learning outcomes (SLOs) that were assessed during this reporting
period for both the MS and the PhD degrees Degree in Optical Science and Engineering. For the
academic year of Fall 2016 - Summer 2017, assessment was performed according to the
approved assessment plan.
SLOs for MS Degree in Optical Science and Engineering
Broad learning goals
1. Enable students to have a solid
foundation of advanced
knowledge in broad areas of
optical sciences and engineering.

Learning outcomes
1.1 Students are able to formulate and
analyze theoretical and experimental
problems in general optics.
1.2. Students are able to formulate and
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Broad learning goals

2. Help students in developing the
ability to participate in research in
commercial, government and
academic settings.

Learning outcomes
analyze problems in one of the
following specialized topics: optical
science, photonics and imaging science.
2.2. Ability to produce professional
quality technical reports and oral
presentations by students.

SLOs for PhD in Optical Science and Engineering
Broad learning goals
1. Enable students to have a
solid foundation of advanced
knowledge in broad areas of
optical sciences &
engineering.

Learning outcomes
1.1 S de
ab
f
a e and
analyze theoretical and experimental
problems in optical science and
engineering.
1.2. S de
ab
f
aea d
analyze problems in one of the following
specialized topics: optical science,
photonics and imaging science.
1.3. S de
ability to become experts in
some particular field of optics, photonics
or imaging science.
1.4 Offer professional modeling training to
OSE students in the area of delivering and
effective research talk.

2. Enable students to conduct
independent research in
commercial, government and
academic settings

2.1. Ability to produce professional quality
written and oral presentations of research
results.
2.2. Ability to conduct independent and
original scientific research that meets
international standards.

A. Describe any developmental work that was done on your assessment plan, including
developing new SLOs, creating new measurement methods, or amending your assessment plan.
For the OSE Fall 2016-Summer 2017 outcomes assessment, there was no new developmental
work that was done on the assessment plan that would include new SLOs, creating new
measurement methods or amending the assessment at this time. We have listed some new
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changes that we plan to make during future assessments. The program did not make any new
changes to the assessment because the OSE leadership was focusing on wide spread changes to
the OSE curriculum across its four concentration. The leadership decided it was best to keep the
assessments outcomes and measurements consistent with previous years. Next year, the program
may implement changes to the assessment after the curriculum changes are approved through the
Office of Registration.
B. Describe the results of the assessment. What did you learn about strengths and weaknesses of
student learning in your program?
Summary of collected data during the Assessment Period
Data collected during academic year Fall 2016-Summer 2017
The table below lists the materials collected and used as a data source in the assessment process
reported here.
PhD-degree materials
Core-course grades
Qualifying examination
results
Candidacy Assessment
Form results (Form D)
Dissertation Internal
Assessment Form results
(Form C)

MS-degree materials
thesis option
non-thesis option
Core-course grades
Core-course grades
MS Qualifying
Examination results
Thesis Internal Assessment
Research Problems Course
Form results (Form C)
results
MS Internship Assessment
Form results (Form A) [if
applicable]

Assessment General Remarks
In the Fall-2016 through Summer-2017 academic period (hereafter referred to as the Assessment
Period), the OSE program graduated 6 PhD and 9 MS students for a total of 15 degrees. The OSE
program maintained an average of at least 4.4 PhD/year over the past decade and 8 MS/year since
the first UNM OSE MS degree was awarded in 2003. Presently there are 35 affiliated faculty
members in the OSE from three departments (ECE, Physics and Astronomy, Chemistry and
Chemical and Biological Engineering), including three newly installed optics affiliated faculty Drs.
Tito Busani (CHTM and ECE Department), Pavel Lushnikov (Mathematics and Statistics
Department), and Payman Zarkesh-Ha (ECE Department). Each of these new affiliated OSE faculty
members have already began to leave their mark on the program by presenting their research at the
OSE Seminar Series and becoming a research advisors for several OSE students.
The number of PhD degrees produced has been fairly steady over the past two decades. Since Spring
Semester 2005, the average lengths of time to complete an OSE MS degree and PhD degree have
been 3.7 and 5.8 years, respectively. The relatively long time for the MS degree reflects the
significant number of part-time students in the OSE MS program, and in part due to the fact that

5

some of the PhD students obtain a MS degree en route to receiving their PhD degree. Of the 9 MS
degrees conferred in the Assessment Period, 2 MS degrees were terminal degree (1coursework and 1
internship project), 10 MS course work degrees en route to a PhD degrees (non-thesis). The one
student who received their terminal coursework MS degree was a PhD student; however, the student
is leaving the OSE program because her research faculty member has accepted an appointment at
another university. This student will be following this professor.
OSE rules require that students must complete the required coursework with a grade of B or better in
each course while maintaining an overall GPA of 3.0 or better through all their courses. Those
failing to meet this requirement are placed on probation, and measures must be put into place in
consultation with their academic advisor to rectify the probation-related problems expeditiously.
There were 8 PhD and 1 MS newly admitted students who began the required curriculum during the
Assessment Period. Of the 15 students that graduated during the Assessment Period, there was one
student who did not receive a B- or better in each of the required courses. As for meeting minimum
GPA requirements, the overall grade point average (GPA) of this one student as well as the other 14
students who graduated in the Assessment Period was above the required 3.0. This one student was
not placed on academic probation. All of the10 new incoming students completed the coursework
with a grade of a B or better in each course while maintaining an overall GPA of 3.0 or better
through all their courses. Hence, none of the 10 entering students during the Assessment period were
placed on academic probation. This is an improvement of previous years where the program had
one to two students who were on academic probation.
The PhD qualifying exam is required by all students immediately after the students have completed
he e
ed c
e
. The e a e e a a c
ehe
e e f he de
c
e-based
knowledge before they are officially permitted to devise a research plan for their thesis or
dissertation. The purpose of such comprehensive examination is to establish the presence of a
minimum knowledge of core subjects that are needed to pursue research in optical sciences and
engineering. The PhD qualifying examination is also used by OSE as an exit exam for the MS
course-work, non-thesis degree, with lower passing requirements than those for the PhD degree.
Grades:
The average GPA of PhD students graduating in this period (sample size = 6 students) is 3.83, which
shows an increase of 0.02 from the last reporting period (2016).
The average GPA of MS students graduating in this period (sample size = 9 students) is 3.87. In
2016, the average GPA of MS students graduating during that assessment period was 3.84.
The average UNM GPA of the newly admitted OSE students (the 9 students beginning the program
of study in the Assessment Period) is 3.84, which shows an increase of .171 from the last reporting
period (2015).
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Qualifying Exam:
Exam Rules: All full-time PhD-degree seeking students are required to pass the PhD written
qualifying exam with no more than two attempts at each tested area within their concentration before
the beginning of their third academic year in the program. This exam is administered every August.
Some exams that are administered by the Electrical and Computer Engineering department are
offered in January as well as August. Presently the exam consists of three common core subjects:
Advanced optics (based on PHYC/ECE 463 and 554)
Electromagnetics (based on PHYC 511 or ECE 561)
General optics (based on PHYC/ECE463 and PHYC476L)
There are two other additional exams that are specific to the concentrations of Optical Science,
Photonics, and Imaging Science.
The approved Quantum Optics (QO) qualifying exam will tap into the existing preliminary exam in
quantum mechanics given by the physics department biannually, so no new exams will be required
to be created within the OSE program. The exam structure for the QO track will remain the same as
that for other OSE tracks. Namely, the qualifying exam in this track will consist of:
(a) Common Exams: (i) General Optics exam, covering general-optics knowledge, and (ii) the
Electromagnetics exam. These two exams are common to all OSE tracks.
(b) Track-specific Exams: (i) Lasers (also required by the Optical Sciences track), and (ii) Quantum
Mechanics (with questions shared from the P&A prelims).
Passing the qualifying exam at the PhD level requires a score of 60% or better in each of the above
areas, it being the second step in the process of advancing to candidacy after completing the corecourse requirements. Each full-time student is allowed up to two years to pass this exam, with no
more than two attempts in each subject exam. The exam is waived for those students who have
secured an average GPA of 4.0 or greater on their OSE core courses (defined more precisely in the
posted exam rules on OSE's website).
If a student is unsuccessful at passing the exam at the PhD level of 60% but passes each subject
exam at the 45% level or better, then they may substitute this exam for the oral exam required by
Plan 2A (coursework, non-thesis MS degree option) for the MS degree in OSE. This provides an
important exit point for some OSE students, who would otherwise have to leave the university
without a graduate degree and thus with adversely compromised career options. At the same time,
this exit option also helps us attain the important programmatic objective of reducing the overall
dropout rate from the graduate OSE program. If a student is successful in passing at the PhD level,
then they can still obtain a Plan 2A MS degree in OSE and its concentrations en route to the PhD. In
addition to adding to the success and visibility of the OSE program in producing graduate degrees,
the en-route MS degree also serves as a boost to students' morale as they endure the challenging road
to receiving the PhD degree. It is also a common feature of most graduate programs across the
country.
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Data: The chart below shows the qualifying-exam passage level for the OSE MS coursework, nonthesis degree graduates and the OSE PhD graduates for the Assessment Period.
Degree Type
Graduating MS
coursework degree
Graduating PhD
degrees
TOTAL

No. of Graduates
Passed
9
6

Level of Passage:
MS or PhD
> 45%
> 60%

15

Candidacy exam:
Rules: The third requirement of the PhD program is the passage of the candidacy examination,
which is in actuality a dissertation-proposal defense. A successful candidacy examination requires
de
a
f he de
ab
,
ea d e a a
de a e d e a
e ea ch.
Data: During the Assessment Period, there were six OSE students who took their candidacy exams
a d a ed . Be
a e he a e age f de
c e a d he e a a e age f he OSE
candidacy exam. These scores were obtained from the PhD Candidacy Assessment Form (Form D):
Scores of the candidacy exam (averaged over 6 Students)
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
Definition of problem:
Analysis of previous work:
S de
edge:
Research plan:
Presentation:
Answer to questions:
Available resources:
Overall:

4.2
4.3
4.2
4.0
4.2
4.3
4.7
4.5 (Excellent)

TOTAL Average:

4.3 (Very Good)

Note: The total average in the previous period was 4.4 (2016), 4.1 (2015) and 4.4 in (2014).

Thesis/Dissertation (5 students: 0 MS Thesis and 5 PhD Dissertation):
Background: The f a a e
e
e
a de
PhD MS ca ee
he c
e
fa
publishable body of comprehensive original research on an OSE topic, its composition in standard
written form, and its successful defense conducted at a publicly advertised location. This is the
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culmination of the academic process certifying that all requirements of an advanced degree have
been fulfilled and that the student has earned the degree.
Data: Below are the average of the student c e a d he e a a e age f he OSE MS-Thesis
and PhD-Dissertation defense exams. These scores were obtained from the Thesis/PhD Internal
Assessment Forms (Form C):
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
PhD Dissertation (6 students)
Written
Substance:
Methodology:
Originality:
Style:
Work as a whole:

4.9
4.6
4.2
4.2
4.6

Oral
Clarity:
Completeness:
Pedagogical:
Response to questions:
Evaluation of work as a whole:

4.7
4.4
4.5
4.4
4.5

Average:

4.5 (Excellent)

Note: The total average in the previous period was 4.3 (2016) and 4.2 for both (2015 &
2014).
MS Thesis (0 Student)
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
Written
Substance:
Methodology:
Originality:
Style:
Work as a whole:

N/A
N/A
N/A
N/A
N/A

Oral
Clarity:
Completeness:
Pedagogical:
Response to questions:
Evaluation of work as a whole:

N/A
N/A
N/A
N/A
N/A
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Average:

N/A

Note: The total average in the previous period was 3.8.
PhD Students Publication Record (5 PhD Students)
Type of Publication

Total Number of
Papers/Presentations
15

Number of Published Journal
Papers
Number of Conference
Presentation
Number of Journal Papers
Submitted and to be
Submitted

33
9

MS Degree Internship
Background: The internship-based MS option (Plan 2B) is similar to Plan 2A with the critical
difference that the student pursuing this plan must take up an internship of 3-6 months at either an
industrial organization or a government/contractor laboratory. The internship must be arranged well
in advance but after the required coursework has been completed with prior consultation and
approval by a committee consisting of OSE faculty and at least one industrial POC, specifically the
immediate supervisor of the internship. Successful completion of the internship requires specialized
but not necessarily original OSE based work of practical interest and impact to the host organization
as well as a technical report of the involved work, while meeting the rigorous standards of
scholarship set out by the OSE program. Assessment of the internship is based on the data collected
from Form A (MS Internship Form). See below.
Data: (sample size: 0 )
(5 to 4.5=Excellent, 4.4 to 3.5=very good, 3.4 to 2.5=good, 2.4 to 1.5=fair, 1.4 to 0=poor)
S de

ga

e

h

ae a

Quality of oral presentation
S de

ab

a

e

N/A
N/A

e

N/A

Overall assessment of research skills
and/or problem solving

N/A

Total Average:

N/A
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Note: The total average in the previous period was 4.0 (2016), 4.1 (2015) and 4.5 (2014).
MS coursework:
Background: The course-based option, namely Plan 2A, requires more extensive coursework than
the thesis-based plan; however, each required class must be passed with the same stringent B- grade
or better as Plan 1. As stated earlier, a student earning a MS coursework degree must either take an
oral examination based on the core courses or they must pass the written qualifying examination for
each core and concentration required course at the 45% level.
Data: MS required-course average GPA for students graduating in the Assessment Period:
(9 students total)
Thesis option (Plan 1):
N/A- No graduates for this period
Non-thesis option (Plan 2A):
3.9
Internship option (2B) GPA:
N/A No graduates for this period
Remarks:
None of the graduating students received grades lower than a B- in the required courses.
Previous Assessment Period (2016) GPA:
Non-thesis option (Plan 2A):
3.9
Internship option (2B) GPA:
3.5
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Type of MS Degrees Awarded in this Assessment Period:
MS degree type
Terminal
Degree en
Total number of
route to PhD
MS degrees
With thesis
0
0
0
Internship
0
0
0
Coursework, non- 2
7
9
thesis
TOTAL
2
7
9

MS Degree in Optical Science and Engineering
Broad learning
goals
1. Enable students to
have a solid
foundation of
advanced knowledge
in broad areas of
optical sciences and
engineering.

Learning
outcomes

Assessment plan /
evaluation methods

Assessment and
Actions

1.1 Students are able
to formulate and
analyze theoretical
and experimental
problems in general
optics.

All students: In the core
courses, students are
expected to earn a grade of
B- or higher.

Students graduating with
an MS coursework, nonthesis degree were able to
pass the core oral or
written exams with a
score of 45% or better.
See Summary of
Collected Data –MS
coursework. The
coursework, non-thesis
MS examination covers
the following areas:
Optics, and one of the
following specialized
topics: Laser Physics,
Semiconductor Physics
and Devices, or Imaging
Science.

1.2. Students are able
to formulate and
analyze problems in
one of the following
specialized topics:
optical science,
photonics and
imaging science.

Non-thesis option: Students
are expected to pass a
written exam that tests their
basic knowledge of
Electromagnetism, General
Optics, and one of the
following specialized
topics: optical science,

All OSE students
receiving the non-thesis
option degree passed
their written exam that
test their basic
knowledge of core
curriculum courses with a
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods
photonics and imaging
science. The exam requires
students to apply their
learned basic knowledge in
the said technical subjects to
formulate and solve
problems in these areas. The
pass/fail decisions are made
by an examination subcommittee of the OSE
Graduate Committee. As an
alternative to the writtenexam approach, students are
expected to pass an oral
exam administered by the
OSE exam committee. (The
written exams are given at
the beginning of the fall
term; some exams are also
given at the beginning of the
spring term.) The exam
scores are archived.
Internship option: Students
submit a term paper and
present a seminar at the end
of this course. An
evaluation form will be
submitted by the instructor
in charge. The evaluation
process includes assigning
numerical scores out of five
points (see Form A) that
ef ec he de
e e f
grasp in the topics of
Electromagnetism, General
Optics, and a specialized
topic related to Optical
Science and Engineering.

Assessment and
Actions
score of >45%. All
students had met the goal
of a written exam
passage.

This Assessment period
the program did not have
any students pursuing a
MS Internship. One
student started out
pursing this degree;
however, due to work
pressures and constraints
the student opted to get
the MS Coursework
degree. Overall the
industry partners,
students and OSE
program have been
pleased with the
internship outcomes. The
graduate committee will
also continue to promote
internships as a capstone
to a MS education in
optics.
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods
Thesis option: Students
write a thesis and publicly
defend it. The evaluation
process by the thesis
committee includes
assigning numerical scores
out of five points (see Form
C) ha ef ec he de
level of grasp in the core
topics of electromagnetism,
general optics, and a
specialized topic related to
optical science and
engineering. An average
score of four or better is
expected when averaged
over all students. .

Assessment and
Actions
This assessment period
the program did not have
any students pursuing a
MS thesis degree. This
data point can have a
mixed meaning. First,
the lack of graduates with
this degree could mean
the program needs to
market this degree choice
more to its potential
students. The program
will need to step up its
efforts to challenge the
students to pursue a
thesis degree as well as
recruit potential students
with working
professionals who are
employed with the
ga
d
partners. The thesis
degree would be an
attractive option for a
working professional.
Second, the thesis option
in recent periods has
been utilized to redeem a
de
fa e f he
PhD qualifying exam.
When a student
successfully finishes a
MS thesis degree, they
can petition the OSE
Committee for readmittance into the PhD
program. The fact that
we have zero MS thesis
degrees may also show
improvement of the
number of students who
have successfully passed
the OSE qualifying
exam.
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods

Assessment and
Actions

2.1. Ability of
students to apply their
knowledge to tackle
real and practical
challenges in optics/
photonics research
and engineering.

Non-thesis option: Students
are expected to take at least
three research hours with a
faculty member. The faculty
member submits an
e a a
f he de
research skills and problemsolving performance. The
evaluation includes a
numerical score out of five
points (See Form B).
Students are expected to
earn a score of four or better
when averaged over all
students.

S de
e
ed a
least three research hours
with faculty member and
students received on
average a B+ or better in
Problems or Research.

2. Help students in
developing the ability
to participate in
research in
commercial,
government and
academic settings.

Since these are the first
years of assessing the
OSE
ga
ea
g
outcomes, the form for
problems/research hours
was developed when
several of the graduating
students took the course.
Thus, the only way to
assess their research
skills and problem
solving was to look at
their grades in these
be
ca e .A ,
many of the OSE
affiliated faculty are
getting use to this extra
assessment and
sometimes the diligence
and follow through has
not been maintained. As
a result the data
collection has suffered.
Moving forward, the
program has created a
Problems/Research
Course Evaluation form
(or Form B) that will aid
in assessing the learning
outcomes more
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods

Internship option: Students
work on a project outside
the university (at industry or
a national lab). A faculty
member with whom the
student takes a three
research hour internship
course (PHYC 559)
oversees this project. The
student is required to give
an oral presentation on
his/her internship project.
The presentation is
evaluated by the faculty
member in charge and it
includes a numerical score
out of five points (see Form
A). Students are expected to
earn a score of four or better
when averaged over all
students.

Assessment and
Actions
effectively in the coming
years. The Program
Administrator and Chairs
hope to supervise this
process more closely to
ensure the proper
numbers of completed
forms are done. The
program is considering
moving to an electronic
form, so the faculty
members could quickly
do the form online and
send it via email back to
the program. The use of
an electronic format will
hopefully increase the
volume of forms returned
and make the process
more streamlined.

Again, for this
assessment period, the
program did not have a
student who graduated
with the internship
option.
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods
Thesis option: Students
write a thesis and publicly
defend it. The thesis
committee evaluates the
students overall research
skills and problem-solving
capability and submits
evaluation sheets (see Form
C). An average score of four
or better is expected when
averaged over all students.

Assessment and
Actions
Again, for this
assessment period, the
program did not have a
student who graduated
with the thesis option.

PhD in Optical Science and Engineering
Broad learning
goals
1. Enable students to
have a solid
foundation of
advanced knowledge
in broad areas of
optical sciences &
engineering.

Learning
outcomes

1.1 S de
ab
to formulate and
analyze theoretical
and experimental
problems in optical
science and
engineering.

Assessment plan /
evaluation methods

Assessment and
Actions

1.1. In the core courses,
students are expected to
earn a grade of B- or higher.

The OSE PhD graduates
earned grades of grade of
B- or higher and
maintained an overall
GPA of 3.0. The average
PhD graduating GPA for
this assessment period
was 3.83. This is a slight
improvement over last
ea GPA a e age f
3.81. The 10 incoming
students for this time
period also earned grades
of a B- or better and
maintained an overall 3.0
GPA or better.

1.2. Students must pass a
candidacy exam where they
must show competency in a

Students passed
candidacy examinations
where they have shown
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Broad learning
goals

Learning
outcomes

1.2. S de
ab
to formulate and
analyze problems in
one of the following
specialized topics:
optical science,
photonics and
imaging science.

Assessment plan /
evaluation methods
particular area of optical
science and engineering in
which they intend to pursue
a PhD. The exam consists
of an oral presentation and a
question-and-answer
component. The results are
documented by the
de
ca d dac
examination committee and
are archi ed
he de
file. The dissertation
committee evaluates the
students overall research
skills and problem-solving
capability and submits
evaluation sheets (Form D).
An average score of four or
better is expected.

Assessment and
Actions
competency in a particular
area of optical science and
engineering in which they
intend to pursue a PhD.
The exam consisted of an
oral presentation and a
question and answer
session. The results for
Fall 2016- Summer 2017
candidacy exam held
steady with ratings
averaging in the e
g d range in the areas
of definition of the
problem, analysis of
related and previous
, a d he de
knowledge of the field
a d he de
e ea ch
plan. The overall average
score was 4.1/5.0 (very
good) for candidacy just
below a ea
c e f
4.4. See Summary of
Collected Data –PhD
Candidacy Assessment
Form (Form D.)
In 2016, the OSE program
uncovered areas of
weakness for this
assessment period was the
de
a
e
questions. The average
score was only a 3.8.
Also, the de
ability
to articulate their research
plan earned an average
score of 3.8 in 2016.
However, in 2017 they
scores improved greatly
with students answer
question averaging 4.3 an
increase of 0.5. The
Research plan score
increased by .2 in 2017 or
4.0. Another strong
improvement and proof
ha he
ga
eff
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods

Assessment and
Actions
and action have had an
effect on the students.
There were a couple of
noteworthy downward
ticks from the 2016
Assessment found in
2017. The Students
Knowledge in the Field
fell slightly from 4.5 in
2016 to 4.2 in 2017. The
Overall average of the
assessment metrics also
decreased slightly from
4.8 in 2016 to 4.5 in 2017.
The graduate committee
will continue to monitor
the feedback and make
additional changes to
maximize improvements.

1.3. S de
ab
to become experts in
some particular field
of optics, photonics or
imaging science.

1.3 Students write a
dissertation and publicly
defend it. The evaluation
process includes assigning
numerical scores (Form C)
ha ef ec he de
level of grasp in the core
topics of Electromagnetism,
General Optics, and one of
the following: Laser
Physics, Semiconductor
Physics and Devices, or
Imaging Science.

Students wrote, publicly
defended and passed their
dissertation. The
evaluation process
included faculty assigning
numerical scores (on a
form) that reflected the
de
e e fga
the core topics of
Electromagnetism,
General Optics, and one
of the following: Laser
Physics, Semiconductor
Physics and Devices, or
Imaging Science. The
g ad a g PhD de
evaluations ranged from
e g d
e ce e
The graduating student
outcomes showed
improvement in most of
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods

Assessment and
Actions
the written areas. For
instance, the rating was
4.4 or very good for
Methodology in 2016. In
2017, the rating is 4.63 or
Excellence. The
originality score increased
to 4.4 very good this year
as well as the work as a
whole went up to 4.6 or
excellence which is an
increase of 0.2 from 2016.
The greatest increase
found in the written
dissertation of Form C
was in the area of
Substance. Last year, the
substance rating was 4.5
For 2017 the rating is up
or 4.90 or excellence.
This is increase is a .4
increase. All the
aforementioned areas l
met or exceeded the
c e g a fa e
g d a g.
In the oral presentation
assessment in Form C, the
PhD graduates improved
in the areas of
completeness from 4.1
(2016) to 4.4 in (2017) or
very good for an increase
of .3. The evaluation of
completeness,
pedagogical and response
to questions all showed an
improvement this year
with each category
increasing by .1 over last
years sores or ratings of
4.4, 4.5, and 4.4
respectively.
There was slight decrease
in the area of evaluation
work as a whole by .1 or a

20

Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods

Assessment and
Actions
score of 4.5 or
Excellence. The average
rating for the PhD criteria
was a 4.5
Excellence.
The overall outcome for
this assessment was met.
See Section Summary of
Collected Data –
Thesis/Dissertation Internal Assessment Form

1.4 Offer professional
modeling training to
OSE students in the
area of delivering and
effective research
talk.

1.4. Students are required to
attend the one-credit OSE
Seminar Series. The
seminars are given weekly.
Each new incoming OSE
graduate student is required
to take this seminar class,
where they have the
opportunity to learn from an
expert in the field of optics
as he/she delivers an
effective research
presentation. The
attendance of the OSE
students at the seminar
series measures that such
experience has been
received by the students.
We expect to see at least
30% of the totality of the
enrolled OSE students
attend the seminars every
semester.

The attendance at the
OSE Seminar Series has
averaged upwards of 3550 people per seminar,
and on average at least
30% are OSE students.

2.2. Ability to
conduct independent
and original scientific
research that meets
international
standards.

Students have to complete a
major research project and
produce results that can be
published in a scientific
peer-reviewed journal no
later than one year after the
dissertation defense a paper
should be submitted.

All five dissertations of
the OSE PhD graduates
were each edited by
faculty and uploaded into
the UNM Zimmerman
Library for circulation.
Submission process to
journals is underway.
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Broad learning
goals

Learning
outcomes

Assessment plan /
evaluation methods

Assessment and
Actions

Students must write a
dissertation and publicly
defend it. The dissertation
committee evaluates the
written and the oral
presentation and submits
evaluation sheets assessing
the quality of the research.
See Form C. An average
score of four or better is
expected.

The dissertation
committee evaluated the
written and the oral
presentation and submits
evaluation sheets. The
evaluations for the fall
2016-summer 2017
ranged generally from
e g d
e ce e . This outcome
was met. See Section 3.2
Summary of Collected
Data –Thesis/Dissertation
- Internal Assessment
Form

C. Summarize the faculty discussion of the assessment data. Describe any actions, program
revisions, or assessment procedure revisions that were recommended by the faculty. If the faculty
review was performed in a way that is different from that described in your approved assessment
plan, describe the reasons for this and how the faculty review was performed.
D. What will you assess during the next reporting period? How will you perform the assessment?
The OSE program will continue to assess the SLOs found in this report; however, the program will have
some additional outcomes that will help evaluate the program.
First, the OSE program has submitted a total of four form C curriculum changes to the Office of
the Registrar this fall. The committee made changes to the Photonics, Imaging and Quantum
Optics concentrations as well as creating a coursework only MS degree for each aforementioned
tracks. The primary objective has been to revise the tracks' curriculum as to provide sufficient
breadth and depth in each sub-field while assuring a reasonable parity between these
c ce a
. We a e a
a g he f
a
f he OSE
ga
b ec c de f
the core optics courses. The c ea
f he
ga
c
e b ec c de a a f
increasing the OSE
b
b h e a a d e e a . The proposed curriculum changes
were unanimously approved by the OSE graduate committee as well as by the general OSEaffiliated faculty (last year).
Second, OSE has developed a special honor entitled the best OSE dissertation, which will go to a
graduating PhD student. The OSE graduate committee will continue this special competitive
award will continue to challenge the students to bring out the best.
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Third, the OSE program will continue with the Distinguished Lecture Series for students, faculty
staff and industry partners. This initiative will continue to bring leaders in optics whose work is
marked by excellence to give a series of talks to the OSE students, faculty, staff and industry
partners. We believe having such a distinguished scholar will inspire our students in their
research, writing and presentation.
Fourth, the OSE program has begun to compile an OSE alumni data base. This database will
serve to track the OSE graduates as they go forward in developing their careers in optics and
photonics. The assessment will include an online graduation exit survey. Creating of this
database will take some time since the OSE graduates have not been tracked in the past thirty
years and many of them are international students residing all over the world.
Does this differ from your approved plan?
The OSE assessment plan does not deviate from the previous approved plan, but rather it expands its
scope to address new opportunities for program improvement. The aforementioned new initiatives will
not alter the examination of the student learning outcome goals. These new initiatives will serve as
additional student data points to compare, examine and review over time.
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I. MS in Optical Science and Engineering (OSE)
A. Solid Foundation- Enable students to have a solid foundation of advanced knowledge
in broad areas of optical sciences and engineering.
1. Learning Outcomes
a. Students are able to formulate and analyze theoretical and experimental problems in
general optics.
b. Students are able to formulate and analyze problems in one of the following
specialized topics: optical science, photonics and imaging science.

2. Assessment Plan/Evaluation Methods
a. All students: In the core courses, students are expected to earn a grade of B- or
higher.
b. Non-thesis option: Students are expected to pass a written exam that tests their basic
knowledge of Electromagnetism, General Optics, and one of the following
specialized topics: optical science, photonics and imaging science. The pass/fail
decisions are made by an examination sub-committee of the OSE Graduate
Committee. As an alternative to the written-exam approach, students are expected to
pass an oral exam administered by the OSE exam committee. (The written exams are
given at the beginning of the fall term; some exams are also given at the beginning of
the spring term.) The exam scores are archived.
c. Internship option: Students submit a term paper and present a seminar at the end of
this course. An evaluation form will be submitted by the instructor in charge. The
evaluation process includes assigning numerical scores out of five points (see Form
A) ha ef ec he de
e e fga
he
c f Electromagnetism, General
Optics, and a specialized topic related to Optical Science and Engineering. An
average score of 4/5 or better is expected.
d. Thesis option: Students write a thesis and publicly defend it. The evaluation process
by the thesis committee includes assigning numerical scores out of five points (see
Form C) ha ef ec he de
evel of grasp in the core topics of
electromagnetism, general optics, and a specialized topic related to optical science
and engineering. An average score of four or better is expected.
3. Actions

1

Based on the overall de
ef
a ce evidenced by the course grades, written and oral
exams, as well as evaluation forms, the OSE graduate committee may make remedial
adjustments, once per year, to the curriculum and the exam content and procedures.

B. Participate in Research- Help students in developing the ability to participate in research in
commercial, government and academic settings.

1. Application of Knowledge

Ability of students to apply their knowledge to tackle real and practical challenges in optics/
photonics research and engineering.
a. Non-thesis option: Students are expected to take at least three research hours with a
faculty member. The faculty member submits an eval a
f he de
e ea ch
skills and problem-solving performance. The evaluation includes a numerical score
out of five points (See Form B). Students are expected to earn a score of four or better.
For those students who receive a non-thesis MS degree while working on completing
their PhD degree, this outcome will be assessed using the st de
d e a
evaluation by the dissertation committee, see Form C. An average score of four or
better is expected.
b. Internship option: Students work on a project outside the university (at industry or a
national lab). A faculty member with whom the student takes a three research hour
internship course (PHYC 559) oversees this project. The student is required to give an
oral presentation on his/her internship project. The presentation is evaluated by the
faculty member in charge and it includes a numerical score out of five points (see
Form A). Students are expected to earn a score of four or better.
c. Thesis option: Students write a thesis and publicly defend it. The thesis committee
evaluates the students overall research skills and problem-solving capability and
submits evaluation sheets (see Form C). An average score of four or better is expected.
2. Actions
The OSE graduate committee summarizes the evaluations annually and provides feedback and
recommendations to the faculty.

3. Production of Quality Technical Reports
Ability to produce professional quality technical reports and oral presentations by students.
a. Non-thesis option: Students are expected to take at least three research hours with a
faculty member. The faculty member submits an evaluation of he de
e ea ch
skills and problem-solving performance. The evaluation includes a numerical score
out of five points (See Form B). Students are expected to earn a score of four or better.
For those students who receive a non-thesis MS degree while working on completing
he PhD deg ee, h
c e
be a e ed
g he de
d e a
evaluation by the dissertation committee, see Form C. An average score of four or
better is expected.
b. Internship option: Students work on a project outside the university (at industry or a
national lab). A faculty member with whom the student takes a three research hour
internship course (PHYC 559) oversees this project. The student is required to give an
oral presentation on his/her internship project. The presentation is evaluated by the
faculty member in charge and it includes a numerical score out of five points (see
Form A). Students are expected to earn a score of four or better.
c. Thesis option: Students write a thesis and publicly defend it. The thesis committee
evaluates the students overall research skills and problem-solving capability and
submits evaluation sheets (see Form C). An average score of four or better is expected.
4. Actions
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The OSE graduate committee summarizes the evaluations annually and provides feedback and
recommendations to the faculty.

II. PhD Degree Optical Science and Engineering
A. Solid Foundation-. Enable students to have a solid foundation of advanced knowledge in broad
areas of optical sciences & engineering.
1. Analyze Theoretical and Experimental Problems -Learning Outcomes
a. S de
ab
formulate and analyze theoretical and experimental problems in
optical science and engineering.
b. Assessment Plan/Evaluation Method Plan for Theoretical and Experimental
Problems
In the core courses, students are expected to earn a grade of B- or higher.
2. Formulate and Analyze Problems-Learning Outcomes
a. S de
ab
formulate and analyze problems in one of the following
specialized topics: optical science, photonics and imaging science.
b. Assessment Plan/Evaluation Method for Analyzing Problems
Students must pass a candidacy exam where they must show competency in a particular
area of optical science and engineering in which they intend to pursue a PhD. The exam
consists of an oral presentation and a question-and-answer component. The results are
documented by the stude
ca d dac e a
a
c
ee a d are archived in the
de
f e. The dissertation committee evaluates the students overall research skills
and problem-solving capability and submits evaluation sheets (Form D). An average score
of four or better is expected.
3. Expertise-Learning Outcome
a. S de
ab
bec e e e
e a c a fed f
c , h nics
or imaging science.
b. Assessment Plan/Evaluation Method for Analyzing Expertise- Students write
a dissertation and publicly defend it. The evaluation process includes assigning
numerical scores (Form C) that reflect the stude
e e fga
he c e
topics of Electromagnetism, General Optics, and one of the following: Laser
Physics, Semiconductor Physics and Devices, or Imaging Science.

4. Actions
a. Students are advised each semester and remedial undergraduate as well as
graduate course work is recommended if necessary. Students are advised to
obtain a terminal MS degree if problems are too severe.
b. Ba ed
he e a
de
e f rmances in the written and oral exams, the
OSE graduate committee regularly makes remedial adjustments to the curriculum
and the exam content, format and procedures.
c. Annually, the OSE graduate committee summarizes the evaluations and discusses
the results to initiate changes in our curriculum and advisement procedures if
necessary.
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B. Independent Research
Enable students to conduct independent research in commercial, government and academic
settings
1. Quality Writing and Oral Presentation -Learning Outcomes- Professional quality
written and oral presentations of research results.
a. Assessment Plan and Evaluation Methods for quality writing and presentation
1. Students write a dissertation and publicly defend it. The dissertation
committee evaluates the students overall research skills and problemsolving capability and submits evaluation sheets (Form C). An average
score of four or better is expected.
2. Students must pass a candidacy exam where they must show, through
an oral presentation, competency in a particular area of optical science
and engineering in which they intend to pursue a PhD. Evaluation of the
oral presentation is documented in Form D. A score of four or better is
expected.
b. Actions
Annually, the OSE graduate committee summarizes the evaluations and provides
feedback and recommendations to the faculty.
2. Research Meeting International Standards
Ability to conduct independent and original scientific research that meets international
standards.
a. Assessment Plan and Evaluation Methods for International Standards
1. Students have to complete a major research project and produce results
that can be published in a scientific peer-reviewed journal no later than
one year after the dissertation defense a paper should be submitted.
2. Students must write a dissertation and publicly defend it. The
dissertation committee evaluates the written and the oral presentation
and submits evaluation sheets assessing the quality of the research. See
Form C. An average score of four or better is expected.
b. Actions
Annually, the OSE graduate committee summarizes the evaluations and provides
feedback and recommendations to the faculty.
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